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Original Communications 


LOBAE OBSTEUCTITE ElIPHTSEMA IX INFANCY TEEATED BY 

LOBECTOMY 

Herbert Sloax. ILD. 

Axx Arbor, Mich. 

L ocalized emphysema is commonplace in the presence of ptilmonavy in- 
i fection^'- or an intrabrouehial foreign body.®’ • but rarely has it been, 
described in otherwise apparently uonual infants. Lobar obstructive emphysema 
in infancy produced by an abiiomiality of the bronchus is being recognized 
with increasing frequency. The recent publication of several reports of success¬ 
ful lobectomy for obstructive emphysema in infants has made the recognition 
and treatment of this condition of greater interest to surgeons. 

In 1939 Overstreet' reported the case of an infant with obstructive 
empln^ema of the left upper lobe who was found to have deficient cartilage 
ruigs in the left upper lobe bronchus on post-mortem examination, Overstreet 
mentioned that a lobectomy had been performed in another hospital for a 
similar lesion in an infant rrithout relief of s.nuptoms. Other seattered descrip- 
Uons of obstructive emphysema in infancy restilting from a bronchial ahnornml- 
ity appeared but ou iioue of the patients was an operation performed."- 

Gross and Lewis.*' in 1945. presented a case involving an infant with ob¬ 
structive emphysema of the right upper lobe resulting from the absence of 
cartilage rings in the right upper lobe bronchus. This was associated with a 
pieuinl defect of the anterior mediastinum. Lobectomy was performed and 
t ID mediastinal defect repaired. Lewis and Potts’= later added a similar case 
o an infant ^ntb an anterior mediastinal defect associated with einphvseraa of 
11C right middle lobe. No bronehial abnoraiality was found. Lobectoniv was 
periormed but tbe mediastinal defect was not repaired. Leabv and Biitsch'^ 

Tho fix's! presentation of a sevios of infants ■with InKm* r^^ 

-urMO. S-n Imncicco. c.n.f.. M.nreh cr. .fndSrisSs""*”” tor Thoracic 
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James” reported the cases of five infants 'vvith this condition. Three of the 
infants underwent lobectomies. Robertson and James believed that the obstrue- 
tive emphysema present in these infants was due to a check valve mechanism 
in the bronchus of tiie involved lobe. In two of the patients the bronchial 
obstruction was thought to be produced by wealcness of the bronchial wall or a 
flap of broncliial mucosa. However, in another infant pressure on the bronchus 
from an abnormal, dilated vein was felt to contribute to the obstruction. In 
two of the infants no abnormality of the bronchus was found. 

Shaw'^ stated that abnormal flaceidity of the bronchus was responsible for 
the bronchial obstruction present in tlie two patients with obstructive emphy¬ 
sema upon whom he operated. In one of the patients a single segment was 
involved. In the other the entire lobe was emphysematous, Williams'” has 
reported the ease of an infant with empliysema of the right middle lobe. 
Lobectomy was performed but no bronchial abnormality was described. 

Finally, Fischer, Potts and Ilolinger,” in 1952, presented five additional 
cases of infants with lobar obstructive emphysema for which lobectomy had been 
done. In two of the infants, in whom the left upper lobe was involved, the 
bronchial obstruction Avas believed to be related to pressure on the left bronchial 
tree by the ductus arteriosus. In one infant there was hj^poplasia of the bron¬ 
chial cartilages of the involved lobe. No definite bronchial obstruction Avas found 
in the other two infants. These authors first pointed out that in none of the 
cases reported by them or by other authors had a loAver lobe been involved. 
They speculated that greater expiratory forces acting on tlie loAver lobes 
prevented the trapping of air in them. 

In the majority of the patients respiratory distress aa-rs noted soon after 
birth. The infants had AA-heezing respirations, dyspnea, and cyanosis. The 
onset of ilhiess was rarely associated AA'ith definite evidence of respiratory in¬ 
fection. The infants did not improA'e materially Avitli any therapy. They 
usually had increasing respiratory distress. It Avas necessary to operate upon 
some of the infants as emergencies. Lobectomy in these patients Avas lifesaving. 
All of the patients operated upon sui-AdA'ed the operation and all Avere greatly 
improved Avith one exception. None of the infants Avas reported to have had 
further respiratory difficulty folloAving operation Avith the exception of tlie 
patient mentioned by Overstreet. The diagnosis of obstructive emphysema un¬ 
related to infection or to an intrabronchial foreign body Avas not difficult once 
the clinical and roentgenographic picture had been recognized. IIoAvevcr, this 
form of obstructive emphysema AA-as confused frequently Avith cystic disease of 
the iuA’olA'ed lobe, pneumonia, or atelectasis of adjacent lobes. 

The first infant in AAdiom lobar obstructive emphysema Avas recognized in 
the UnNersity Hospital AA-as admitted in IMay, 1950. Within a space of tAvo 
years three additional infants Avith this condition Avere admitted. These infants 
presented the same clinical and roentgenographic features described bj* preA’ious 
authors. In contrast to the experience of others, they continued to have re¬ 
spiratory symptoms folloAving discharge from the hospital, although they aa-oi-c 
improA-ed by lobectomy. 
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CASE REPORTS ' ' ' 

jlistory _B B TJ H. No. 6S2439, a T-month-old' white male infant, waa admitted to 

the Pediatric Service’of'the tTniversitr Hospital on May 23; 1930, with difficulty in breath¬ 
ing The infant was bom Nov. 7, 1919, following an uncomplicated pregnancy of eight 
months. He weighed 6 pounds. 6 ounces at birth. The infant breathed and cned spon¬ 
taneously. 

Soon after birth it was noted that he had some difficulty in breathing. Oxygen was 
not required and the infant nursed well. When lie was three weeks old he developed 
wheezing and a dry cough which was aggravated by crj-ing. The cough bore no relation to 
meals and occurred both day and night. Fever was not noted by the parents. The administra¬ 
tion of penicillin and a sulfonamide made little change in the condition. The symptoms 
subsided somewhat from the seventh to the tenth week of age but recurred again with in¬ 
creasing severity. The administration of penicillin on several other occasions produced no 
change in the symptoms. 

The infant continued to do poorly. Despite a good appetite, he gained weight slowly. 
Cyanosis was noted when he cried. 

Family Ristory .—Two older brothers, three years and sixteen months of age, were 
normal. There was no family history of congenital abnormalities or of allergy. 

■Physical Examination .—Temperature was 101° F. (rectally); blood pressure, lO-t/45; 
pulse, 130; respirations, 28; weight, 11 pounds, 13 ounces. 

On examination the infant was inactive and underdeveloped. He cried weakly and 
was cyanotic when he cried. Bespirations were slightly labored and expirations were pro¬ 
longed. There was retraction of the thoracic cage during inspiration. The anterior-posterior 
diameter of the chest was increased. The right hemithorax was more prominent than the left. 
Breath sounds were decreased over the right hemithorax. A few coarse rales were heard at 
the right apex. The mediastinum was shifted to the left. The heart was normal. No other 
abnormalities were found. 


Laioratory Data .—Kahn test was negative; hemoglobin, 11.2 Gm.; red blood cells, 
4.64 million; white blood cells, 13,750 with 39 per cent polymorphonuclear leukocytes, 47 
per cent Ij-mphocytes, and 12 per cent monocytes; urine, normal findings; tuberculin, negative 
1/1000; normal trypsin activity. 

Poentgenograms .—Seven films of the chest exposed at another hospital from Dec. 5, 
1949, through April IS, 1930, were all interpreted as showing emphysema of the right mid¬ 
lung field with a well-defined triangular area of increased density at the right base and patchy 
density in the right upper lung field. The left lung was normal. The mediastinum was 
shifted to the left. Chest films taken at the time of admission showed similar changes (Fig. 
1). The infant was fiuoroscoped. There was no mediastinal swing with respiration and no 
change in heart size. 

Course .—^It was felt that the infant had pneumonitis or atelectasis of the right upper 
lobe and the right lower lobe, although there was no fever. On one occasion an audible 
expiratoiy wheeze was noted. Excellent temporary relief was obtained with Adrenalin. The 
patient continued to have periodic respiratory distress which increased in frequency and 
duration. X-ray films of the chest demonstrated increase in the emphysema of the right 
mid-lmg field and greater shift of the mediastinum to the left. It was at last realized that 
the mfant’s problem was one of obstructive emphysema rather than atelectasis or 
pneumonitis. 


Bronchoscopy.—On June 19, 19o0, he was anesthetized with ether and the bronchial 
tree exaimned through the 3.5 mm. bronchoscope. There was some edema and hvperemia 
of the entire bronchial tree. The bronchial walls approximated during expiratffiL No 
foreign body was found. No localized obstruction of the bronchial treT^ ^teT 
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Operalion .—On June 29, 1950, a right thoracotomy was performed tlirougli tlm fourtlv 
intercostal space. Ether-oxj-geii anesthesia was administered through an endotraelieal tube. 
When the chest was opened a tense, distended mass of lung presented. This tilled the whole 
right hemithora-x. It could not be compressed. The mass was delivered into the wound. 
The infant's somewhat precarious condition immediately improved. The compressed right 
upper lobe and right lower lobe now could be inflated easily by the anesthetist. Theie were 
no enlarged Ij niph nodes about the right middle lobe bronchus. No bronchial abnormalitv was 
noted. A right middle lobectomy was carried out easily by the individual ligation tecliuique. 
The expanded right upper lobe and right lower lobe filled the chest. Anterior and posterior 
drainage tubes were inserted. The chest wall was closed in layers with silk. Blood loss was 
estimated to be 142 c.c. The infant was given 200 c.c. of whole blood during the operation. 
He was returned to the ward in excellent condition. 



Fig. 1. Fig. 2. 

Fig. 1 (Case 1).—Preoperation roentgenogram exposed May 24, 1950. Theie is marked 
emphysema of tlie right middle lobe witli compression of the right upper lobe and right loner 
lobe. The mediastinum is sliifted to tlie left, and the riglit liemidiaphragm depressed. 

Fig. 2 (Case 1).—Postoperation roentgenogram exposed Jan. 9. 1953. There is no 
empliysema. A small residual area of pleural reaction persists in the right paratracheal region. 

Examination of the Specimen ,—On gross examination theie was uniform emphysema 
of the entire middle lobe (Fig. 3). The bionchiis, although small in comparison with the 
greatly distended lobe, was not abnormal. Cartilage rings were present in the bronchial 
wall. On microscopic examination there was marked emphysema of the pulmonary parenchyma 
and dilatation of the smaller bronchi (Fig. 4). Slight, chronic bronchitis was present in 
isolated bronchi. No abnormality of the middle lobe bronchus was found in sections taken 
through it. Elastic tissue stains showed normal amounts of elastic tissue to be present. 

Postoperative Course .—The infant's symptoms were completely relieved following opera¬ 
tion. He became much more bright and active. The right upper lobe and right lower lobe 
expanded well and filled the right hemithorax, although the mediastinum was shifted slightly 
to the right. He was discharged on July JO, 1950. At this time respirations were normal. 

Course FoUowing Discharge.—Tihc infant remained improved and developed in a normal 
manner. However, he had continued respiratory difficulties. On three occasions admission 
was necessary for dyspnea and wheezing respirations duiing an apparent acute respiratory 
infection. These symptoms responded to antibiotic therapy. In addition, the infant had 
frequent, milder episodes during which similar symptoms were present. 

Bronchoscopy was repeated on Oct. 25, 1950. Again it was noted that the bronchi 
collapsed during expiration. 







fflf T nl 






Fig. 3 (Case 1).—Photograph of the cut surface of the right middle lobe. There is marked 

emphysema of the entire lobe. 



Kic. i. (C.asc 1).- 


-Photomicrograph of a secUon of the right middle Inhe 
IS present. There .s no eiidence of mfecHon (xTst. 
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X-my views of the chest showed a triangular shadow of increased density in the riglit 
paratracheal area. This cleared gradually and was thought to represent reaction to operation 
rather than atelectasis. 

The patient was last admitted Feb. 1, 1953. Admission was necessary for wheezing, 
coughing and difficult respiration. Adrenalin on one occasion gave temporary relief. The 
child quickly responded to penicillin and sulfadiazine. Because the sj-mptoms resembled 
asthma, sensitivity studies were carried out but no specific protein sensitivity was found. 

The infant was fluoroscoped and chest films were obtained Feb. 3, 1953. The dia¬ 
phragms moved well. There appeared to be slight emphysema of the lung fields bilaterally but 
no unusual flattening of the diaphragms. There was no mediastinal shift with respiration. 
Xo emphysema had been seen in chest Aims obtained Jan. 9, 1953 (Fig. 2), and the findings 
at the time of admission may have been associated with the acute episode described. 

Case 2.— 

Bistory. —A. C., U. H. ICo. 712S13, a white male infant C days old, was admitted to the 
Pediatric Service of the University Hospital Sept. 14, 1951, with difficulty in breatliing and 
cyanosis. The mother’s pregnancy was normal and the infant was delivered after an un¬ 
complicated five-hour labor on Sept. S, 1951. The infant weighed 6 pounds, 13 ounces. He 
breathed spontaneously and seemed normal. 

During the first two post-partum days the infant had no respiratory difficulty. On the 
third day, when the mother’s milk started to increase in amount, the infant choked on a 
feeding. On the fifth post-partum day the infant was returned to the nursery afer a feeding. 
He then became cyanotic and appeared to have obstructed respiration. The infant coughed 
up thick material which had the appearance of ingested milk and the condition improved. 
However, he continued to have rapid, labored respirations. 

Family Bistory .—A sibling, 3 years of age, was normal. The father gave a history of 
seasonal allergic episodes in which he had moderately severe asthma. There was no family 
history of congenital abnormalities. 

Physical Examination .—Temperature was 99.4° F. (rectally); pulse, 140; respirations, 
SO to 100. 

The infant was active but was cyanotic. He was breathing rapidly and vigoroufiy. 
Examination of the thorax showed active diaphragmatic and intercostal movements. The 
accessory muscles of respiration were being employed. Breath sounds were greatly diminished 
and resonance to percussion was increased over the left hemithorax. The mediastinum Wiis 
shifted to the right. There were a few scattered rales heard over the right upper chest 
posteriorly. The remainder of the phj-sical examination showed only normal findings. 

Laboratory Data .—Kahn tdst was negative; hemoglobin, 15.S Gm.; white blood cells, 
22,500 with 44 per cent polymorphonuclear leukocj-tes, 40 per cent lymphocytes, 5 per cent 
monocytes, and 5 per cent eosinophils; urine, normal findings. 

Eoentgenograms. —Chest films exposed at another hospital on the day of admission 
showed increased radiolucency of the left hemithorax udth shift of the mediastinum to the 
right. Examination at the University Hospital confirmed these observations (Pig. 5). In 
addition, the left hemidiaphragm was noted to be depressed. On fluoroscopy there was 
decreased motion of the depressed left hemidiaphragm. No shift of the mediastinum with 
respiration was noted. Twelve hours after admission additional films of the chest were 
exposed. There was a further increase in the radiolucency of the left hemithorax with 
additional shift of the mediastinum to the right. It was felt that the infant had obstructive 
emphysema of the left upper lobe. 

Course .—^During the day of admission the infant’s respiratory distress increased in 
severitv. With the confirmation by chest films of increasing emphysema of the left upper 
lobe it'was felt that lobectomy should be performed as an emergency. 
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Operation.—The infant was anesthetized with ether-oxygen in a closed system. An 
endotracheal tube was not employed. A left thoracotomy was performed and the chest was 
entered through the fourth intercostal space. Inspection showed a firm, pale mass of 
distended lung which filled the entire pleural cavity. TJiis could not be defiated by com¬ 
pression. With some difBculty the mass was delivered into the wound and was found to be 
the left upper lobe. The sm^, compressed left lower lobe could then be inflated easily by 
the anesthetist. The infant’s condition immediately improved. 

A left upper lobectomy was easily performed by the individual ligation technique. The 
left upper lobe bronchus was not grossly abnormal, although it could be compressed very 
easily. There were no enlarged lymph nodes about the bronchus. Xo external source of 
compression was found. The left lower lobe filled the pleural cavity well. 

Anterior and posterior drainage tubes were inserted. The chest was closed in layers 
with fine sUk. Blood loss was 96 c.c. The infant received 100 c.c. of whole blood during 
the operation. He was returned to the ward in excellent condition. 

Examination of the Specimen .—No gross obstruction of the left upper lobe bronchus 
was found. Cartilage rings were present in the bronchial wall. There was un i form, marked 
emphysema of the entire lobe. On microscopic examination there was marked emphysema 
with dilatation of the small bronelii and bronchioles. No evidence of infection was found. 
Elastic tissue stains demonstrated a normal amount of elastic tissue to be present. 



Fig- 


Fig. 6. 


—I’reeperation roentgenoirram exposed SepL 14. 1951. There is empbv- 
m^tasUnum to “he depression of the left hemidiaphragm and shift of the 

ma is^mesent^at hase‘!'''^‘'°" ™«"‘eeno8Tani exposed Feb. 9. 1953. Localized emphyse- 


Eostoperative Course .—^The infant’s recovery from the operation was dramatic. He 
had no further respiratory symptoms. The left lower lobe expanded and filled the left 
hemithorax. There was slight shift of the mediastinum to the left. The infant ate well and 
gained weight rapidly. He was discharged Sept. 25, 1951. 


Course FoUoicing Discharge.—He was well for three months. At that time he began 
to have attacks of wheezing respirations associated with marked activity. He develoned 
repeated upper respiratory infections nsuaUy accompanied by wheezing. On several occasiras 

fa March tf ■ 1"'" T -University Hospital 

a March, 19o At this time he had wheezing, cough, and moderate dvspnea. He was thoLht 

to have infectious tracheobronchitis. He quickly responded to antibloLs, steam inhalations. 


8 


THE JOURNAL OF THORACIC SURGERY 


and epliedrine and was discliarged. However, despite normal growth and' weight gain, lie 
continued to have episodes of mild respiratory difficulty. 

The infant was last examined Feb. 9, 1953. He had been liospitalized three times since 
operation for apparent respiratory infections. There had been manj- less severe episodes of 
wheezing and difficulty in breathing. Tlie child’s personal physician believed that he was 
sensiti\e to. dust and bacteria and was undertaldng a program of desensitizatiou. 

On examination the child was well developed and active. Breath sounds were decreased 
over the left chest but physical examination otherwise showed only normal findings. 

Chest films exposed at this time showed mild generalized emphysema with increased 
emphysema at the left base (Fig. 6). There was slight compression of the left hemidiaphragm 
posteriorly. Fluoroscopy confirmed these findings. The diaphragms moved normally. There 
was no mediastinal shift with respiration. 

Case 3.— 

Sistory. —S. F., U. H. No. 725125, a 3-month-old white female infant, was admitted 
to the Pediatric Service of the University Hospital April S, ,1952, with a liistory of difficult 
respiration. The infant was born Dec. 27, 19.51, following a normal pregnancy and an uncom¬ 
plicated delivery. The infant weighed 6 pounds, 9 ounces at birth. It was thought that 
there was slight blueness about the mouth and questionable discoloration of the forehead 
shortlj- after birth. No other abnormalities were noted during the first seven weeks of life 
except that the infant nursed poorly. 

Feb. 13, 1952, when she was 7 weeks old, she developed symptoms reseuibling a mild 
upper respiratory infection. Twelve hours later, while feeding, she became dyspneic and 
cyanotic. The infant was immediately taken to another hospital in a state of collapse. She 
had severe respirator}' distress and was in critical condition. On admission to the hospital 
it was felt that she had massive collapse of the right lung. Bronchoscopy was carried out 
but no abnormality was found. The infant was finally resuscitated and thereafter slowly 
improved. After three weeks she was discharged. Ten days later wheezing respirations 
developed again and the infant became cyanotic. Followbig temporary admission to another 
hospital she was transferred to the University Hospital. 

Family History .—Two brothers, four and five years of age, were normal. There was 
no family history of allergy or of congenital abnormalities. 

Physical Examination .—Temperature was 100° F. (roctnlly) ; pulse, 140; respirations, 
30. 

The infant was well developed and was in no acute respiratory distress. However, res¬ 
pirations were rapid and were moderately labored. The infant’s color was dusky when she 
cried. On examination there was hj-perresonance to percussion over the left chest. Breath 
sounds and tactile fremitus were reduced over the left chest. The mediastinum was shifted 
to the right. The remainder of the physical examination showed only normal findings. 

Laboratory .—Kahn test was negative; hemoglobin, 9.S Gm.; red blood cells, 3.9 million; 
white blood cells, 9.400 with 43 per cent polj-morphonuclear leukocytes, 55 per cent lympho- 
ej'tes, and 2 per cent eosinophils; urine, normal findings. 

Poentgcnograms.—Oii^st films exposed at another hospital during the infant's original 
acute illness showed marked emphysejna of the left upper lobe with mediastinal shift to the 
right. Inspiratory and expiratory films, exposed Feb. 22, 1952, were interpreted as showing 
emphysema of the left upper lobe with atelectasis of the left lower lobe. The heart and 
mediastinum were shifted to the right. These changes were more marked on expiraHon. It 
was believed that an expiratory block was present. Additional films exposed at intervals 
presented the same appearance. 

Films exposed in the University Hospital at the time of admission confirmed tlie.se 
findings (Fig. 7). On fluoroscopy the mediastinum shifted further to the right on expiration. 
The hemidiaphragms were depressed and movement limited, particularly on the left. 
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Course ,—The infant was not acutely ill Avhile she was in the hospital. Because she had 
heen in desperate straits at one time and Because obstructive emphysema of the left upper 
lobe persistedj it was felt that lobectomy should be carried out. 

Operation.—On April 16, 1952, anesthesia was induced with ether-oxygen and an endo¬ 
tracheal tube inserted. A left thoracotomy was carried out through the fourth intercostal 
space. VThen the pleural space was entered, there immediately presented a tense mass of 
air-containing lung nliich appeared to fill the entire liemithorax. This was found to be the 
left upper lobe. It could not be deflated. The small left lower lobe was collapsed but it 
expanded when the emphysematous left upper lobe was delivered into the wound. 

A left upper lobectomy nas performed employing the individual ligation technique. A 
probe was passed easily into the left main bronchus through the stump of the left upper 
lobe bronchus. Iso gross bronchial abnormality was found. There was no external com¬ 
pression of the bronchus. 

Upon completion of the lobectomy it was seen that the expanded left lower lobe did 
not fill the pleural space and that considerable mediastinal shift would be necessary to oblit¬ 
erate the residual space. Anterior and posterior drainage tubes were inserted. The chest was 
closed with fine silk. Blood loss was 151 c.c. The infant received 210 c.c. of whole blood 
during the operation. The infant was returned to the ward in excellent condition. 



Fig. 7. 


Fis. 8. 


—^Preoperation roentgenogram exposed April 9, 1952. 
sema of the left upper lobe is present. The left low er lobe is compressed, 
IS shifted to the right, and the left hemiUiaphra^m is depressed. 


^larked emphy- 
The mediastinum 


Fig. 8 
emphysema. 


(Case 3).—Postoperation roentgenogram exposed Jan. 27, 1953, 
The mediastinum is shifted to the left. 


There is no 


Examination of the Siiecimen .—Xo gross broucliial abnormalities could be found. Bron¬ 
chial cartilages were present. There was uniform, massive emphysema of the entire left 
upper lobe (Fig. 9). Microscopic examination confirmed the gross findings (Fig. 10). There 
was emphysema of the pulmonary parenchyma with dilatation of the small bronchi and 
bronchioles. Xo infection was present. Elastic tissue stabis showed normal amounts of 
ela'^tic tissue. 


Postoperative Couise.—The infant did well following operation. There were no further 
respiratory sj-mptoms. The residual left pleural space was obliterated with expansion of the 
small left lower lobe and shift of the mediastinum to the left. Tlie infant seemed to tire 

chaririprl'oTfSo'"''"”"" 

Course Fotloiiing Discharge .—The infant was returned tn r i 
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Fi&. 9 (Case 3).—Photogrraph of the cut surface of the left upper lobe. There is emphy- 

sema of the entire lobe. 
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respirations vhich. were believed to accompany respiratory infections. She was not cyanotic. 
Development was normal. The infant was last examined Jan. 27, 1953. At this time she 
was normal except for evidence on physical examination of mediastinal sUft to the left. 

Films exposed at this time confirmed the pronounced mediastinal shift to the left with 
herniation of the right lung across the anterior mediastinum (Fig. 8). On fluoroscopy there 
was diminished movement of the left hemithorax which seemed smaller than the right. The 
hemidiaphragms moved well. There was no shift of the mediastinum with respiration. There 
was no evidence of emphysema. 

Case 4.— 

History. —F. L., U. H. Xo. 729545, a 2i,(.-month-old white male infant, was admitted 
to the Pediatric Service of the University Hospital June 16, 1952, with a history of coughing 
and cvanosis. The infant was bom at term March 2/. 1952, following a normal labor. He 
weighed 7 pounds, 4 ounces at birth. The infant nursed well and was discharged home five 
days after birth. 

Soon after he reached home it was noted that he breathed heavily. MJien he was 4 
week.s old he began to have more difficulty breathing. He grew progressively worse. Four 
days after the onset of the illness the infant became cyanotic during feeding. Other, similar 
episodes followed. The child was admitted to another hospital where he received penicillin 
but did not improve. He was finally transferred to the University Hospital. 

Family History .—^A sister, 5% years old, end a brother, 2% years old, were well. There 
was no family liistory of allergj- or congenital abnormalities. 

Physical Examination. —Temperature, 99.2° F. (rectally); pulse, 144; respirations, 46. 

The infant was well developed. Eespirations were rapid and labored. He was slightly 
cyanotic. The percussion note over the right chest was hyperresonant and breath sounds 
were markedly diminished. The mediastinum was sliifted to the left. On ascultation of 
the heart there was a harsh, systolic murmur over the entire precordium. This was loudest 
at the apex. It radiated up the left border of the sternum. The liver edge was palpated 
3 cm. below the right costal margin. The remainder of the physical examination was within 
normal limits. 


Laboratory Data .—^Kalin test was negative; hemoglobin, 10 Cm.; red blood cells, 3 
million; white blood cells, 6,000 with 32 per cent polymorphonuclear leukocytes, 67 per cent 
lymphocytes, and 1 per cent eosinophils; urine, normal findings. 

An electrocardiogram obtained June 17, 1952, showed a heart rate of 140. The P-E 
interval was 0.12 and the QBS, 0.07. There was slight right axis deviation, but the tracing 
was within normal limits for an infant of this age. 

Poentgenograms .—The infant was fluoroscoped June 17, 1952. Both lungs appeared 
somewhat hyperaerated, although this was more marked on the right. Both hemidiaphragms 
were low and motion of each was restricted. There was mediastinal shift with respiration. 
Films exposed at this time confirmed the fluoroscopic findings (Fig. 11). These examinations 
were repeated June 26, 1952, and the same findings noted. It was felt that the infant had 
bilateral emphysema but that this was much more marked in the right middle lobe. 

Bjonchosoopy .—On July 2, 1952, the infant was bronchoscoped with a 3.5 mm. broncho¬ 
scope. The bronchi collapsed with each expiration. No other abnormalities were noted 
in the major bronchi. 


Coiir.se.—During the infant's stay in the hospital he did well as long as he remained 
in oxygen. When he was removed from oxygen he became cyanotic, particularlv when he 
cried. During these episodes he developed a wheezing cough and became progress'ivelv more 
d.'spneic and cyanotic. He uas relieved when o.xygen was then administered. The'infant 
was believed to have a congenital heart lesion, probably an interventricular septal defect 
Jeiru"/ t? bilateral emphysema in the roentgenograms it was 

miUrloie' t'’ f’e marked emphysema of the right 
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Opcration. On July S, 1952, n right thoracotomy was performed through tlie iiftli 
intercostal space. Ether-oxygen anesthesia was administered through an endotracheal tube. 
As the chest was opened the greatly distended, tense riglit middle lobe was seen to fill the 
entire pleural cavity. Tlie right upper lobe and the right lower lobe were compressed, al¬ 
though they contained air. Tiic middle lobe could not be compressed. The upper and lower 
lobes expanded when the middle lobe was delivered into tlie wound. 

A right middle lobectomy was carried out by tlie individual ligation tcclmique. No 
bronchial abnormality was found. The bionchus was of normal caliber and contained car¬ 
tilage rings. As the bronchus was being exposed, tliere was difficulty with the infant’s 
airway. Cyanosis and cardiac slowing resulted. As soon as tlie airway was re-established, the 
infant improved. Lobectomy was then completed without further incident. The right 
upper lobe and the right lower lobe easily filled the pleural cavity. Anterior and pos- 
teiior drainage tubes weie inserted. The chest wall was closed in layers with fine silk. The 
blood loss was S2 c.c. The infant received 120 c.c. of whole blood. He was returned to the 
ward in good condition. 







Pig. 11. 12. 

Fig. 11 (Case 4).—Pieoperation roentgenogram exposed June 17, 1952. There is bilateral 
pulmonai'y emplrysema wdiich is most marked in the riglit middle lobe. 

Fig, 12 (Case 4).—^Postoperation roentgenogram exposed Jan. 15, 1953. Moderate bilat¬ 
eral emphysema persists. The pulmonary emphysema is most marked in the lower lobes. 

Einininotioa of the Specimen. —No gross hroncliial abnormality was found. There was 
marked, diffuse emplrysema of tire entire middle lobe (Fig. IH). On soctron tlicrc was 
tMrrpbysenra of the pulmorrary parenchyma with dilatation of the small bronchi and hron 
cirioles. Heavy plasma cell infiltration was seen about one broiicliiole. Elastic tissue stains 
showed normal amounts of elastic tissue to be present. 

Postoperative Course.—The infant did well following operation. He soon began to 
gain weight and had no furtlier respiratory symptoms. He was not cyanotic out of oxygen. 
However, films of the chest exposed July 15, 1952, were still interpreted as showing evidence 
of emphysema of botlr lung fields. The infant was discharged July 19, 1952, eleven days 
following operation. 

Course PoUoKing Discharge.—The infant did well following discharge. For a time lie 
had rare episodes of shortness of breath and slight cyanosis. He Iiad frequent upper respira¬ 
tory infections. More recently no cyanosis has been noted. The infant was last examined 
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Jan. 15, 1953. Development was noimal. The heart sounds had not changed. Breath sounds 
were decreased below the right scapula. 

Dluoroscopy nas earned out and again it was felt that theie was a moderate de^ee 
of emplnsema hilaterally, paitieularB in the lower lung fields. There was no mediastinal 
shift ivith respiration. Movements of each henudiaphiagm were limited. Films confirmed 
these findings (Fig. 1-). 


• "■ t 'i 



Fig 13 (Case 4).—^Photograph of the cut surface of the right niidflle lobe. Emphisema of 

the entire lobe is present (xiS). 

DISCLSSIOX 

The clinical picttires presented by these four infants were strikingly tiiii- 
forni. Eespiratory difficulties began early in infancy. The mfants bad labored 
rcspiiations, wheezing, cough, and cyanosis. The onset of symptoms was thought 
most frequently to be related to a respiratory uifectiou, but none of the infants 
bad such an infection when examined at the time of admission. The use of 
antibiotics did not produce any striking improvement in their condition. On 
physical examination there was hyperresonanee to percussion over the involved 
liemithorax with diminution of breath sounds on auscultation. An expiratorv 
wheeze was often present when the infants cried 

Roentgenograms and fluoroscopy of the chest showed extensive emphvsema 
most marked in a single lobe. This emphysematous lobe filled the entire'liemi¬ 
thorax. There was compression of adjacent lung tissue. The mediastinum was 
shifted to the opposite side. The hemidiaphragm on tlie affected side was 
dejiressed. Shift of the mediastinum with respiration could he demonstrated 
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in two of the infants. In none of the infants was there clinical or roentgeno- 
grapliic evidence of regression of the emphysema prior to operation, and in two 
of the infants progression of the emphysema occurred. The emphysema was 
thought to be obstructive in nature. 

This clinical and roentgenographic picture, once understood, was easily 
recognized. However, in eacli case there had been confusion about the diagno¬ 
sis at some time during the infant’s illness. Most frequently it Avas thought 
that the infant had a large pulmonaiy ej’st. On other occasions it was felt 
that atelectasis or pneumonitis was present in the compressed lobes and that 
the emphysema was compensatoiy. In one infant a diagnosis of massive collapse 
of the opposite lung was made. 

Two of the infants were bronehoscoped prior to operation. Tlie only 
abnormality noted was a tendency for the bronchi to collapse during expira¬ 
tion. No local obstruction was seen. A third infant was bronehoscoped at 
another hospital and was reported to have a normal bronchial tree. 

No attempt was made in any of the infants to decompi’ess the emphysematous 
lobe by thoracentesis prior to operation. Such an attempt would appear to be 
inadvisable. In several instances in which thoracentesis was attempted by others 
in similar patients, a complicating tension pneumothorax occurred which made 
the infant’s condition more precarious.”’’■* Effective decompression of an em¬ 
physematous lobe would be difficult to accomplish by thoracentesis. 

Despite careful examination of the lobes at the time of exploration and 
following removal, no specific bronchial obstruction producing a check valve 
was found in any of the specimens. Abnormal flaccidity of the bronchial walls 
was probably responsible for the obstructive empliysema observed. This bron- 
chomalaeia may have been the result of abnormal cartilage rings.’® The observa¬ 
tion that the bronchial walls collapsed on expiration in the two infants bron¬ 
ehoscoped before operation supports this conclusion. All of the specimens 
showed similar microscopic changes. There was uniform, marked emphysema 
with dilatation of the small bronchi and bronchioles. Elastic tissue stains 
showed normal amounts of elastic tissue to be present. There was little infec¬ 
tion in the bronchi and none in the distended alveoli. 

A number of etiological agents have been implicated by others in an 
attempt to explain the obstructive emphysema present in their patients. As 
causes of obstruction the following abnormalities have been listed: (1) absent 

or abnormally soft bronchial cartilage rings. (2) a redundant flap of bronchial 
mucosa, (3) compression of the bronchus by an abnormal vein, and (4) com¬ 
pression of the bronchus by the ductus arteriosus. However, in several of the 
reported eases no bronchial obstruction could be found. 

The course of these infants following discharge has been in decided con¬ 
trast to that reported by other authoi's. All of the infants did well in the 
immediate po.stoperative period; in each, the respiratory symptoms were com¬ 
pletely relieved. Following discharge the infants remained improved and 
none had a retui’n of the sevei’e symptoms which wei'e present before operation. 
Despite this improvement, each of the infants seemed more prone to develop 
respiratory infections and had more marked symptoms with each infection 
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than vrould have been anticipated in a normal infant. Two of the -i nf a n ts were 
admitted to the hospital several times with wheezing respirations and dyspnea. 
These symptoms appeared to accompany a respiratory infection. Sensitivity 
studies on two of the infants disclosed no specific allergies. 

Eoentgenograms of two of the infants following operation showed emphy¬ 
sema in other areas of the lung fields. This has persisted without significant 
change. The emphysema was felt to be more than could be attributed to com¬ 
pensatory emphysema following expansion of collapsed pulmonary tissue after 
operation. In a third infant there was evidence of mild generalized emphysema 
during a respiratory infection. 

It would appear that the bronchial abnormality which produced the 
primary lobar obstruction involved other bronchi and, perhaps, the entire 
bronchial tree to a lesser degree. The sjuiiptoms which these infants had 
following operation may have been due to flaccidity of other portions of the 
bronchial tree. The tendency toward obstruction during expiration probably 
was accentuated by respiratory infections. 


SUMM.ARY 

1. Severe obstructive emphysema, most marked in a single lobe, has been 
observed in fom‘ infants. In two of the infants the left upper lobe was in¬ 
volved; in two, the right middle lobe. 

2. Lobectomy was performed successfully in each of the infants, the 
yoiuigest having been 6 days old and the oldest 8 months old. 

3. Each of the lobes removed showed marked, generalized emphysema. 
Infection was not present. No specific bronchial obstruction was foimd. It 
is believed that the obstructive emphysema present was due to a check valve 
mechanism produced by abnormal flaccidity of the bronchi. 

4. Each of the infants was improved by lobectomy. However, all had 
respiratory symptoms following discharge. Li two of the infants there was 
roeiitgenographic evidence of emphysema in other portions of the lungs follow¬ 
ing operation. It is suggested that the bronchial abnormality also involved 
other portions of the bronchial tree. 
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DISCUSSION 

DR. PAUL C. SAMSON, Oakland, Calif.—Di. SloaiUs papei is most niteiesting, and 
I would like to discuss it, not because it iinoKos infants but peiiiaps because the c|iiestion 
of congenital eniplnsoma is undei discussion. 

I would like to lepoit a ease nnohing .a loung man who eime to me piimanl.v be 
cause of a pectus o\ca\atuui (and in that connection peilmps Di. Shaw will saj something). 
Theie nia.\ be a connection between congenital lobai emplnsem.i and pectus c\ca\atuui; we do 
not know. 

(Slide.) This p.itient, aged 21, showed on his \ uiy pictuies a laige aiea in which the 
lung maikings weie lelatnelj meagei and we thought this w.is some type of cystic disease. 

(Slide.) This shows the niaiked pectus, and again that theie is hick of noiuuil pul 
moiiaiy maikings iii the light mid lung field. Wo decided to do an c\ploratoi\ opeiatioii 
fir.st, and peifoimed a light thoiacotomj. 

(Slide.) Much to oui suipiise we found an enoimous middle lobe wliicli went lioiii 
ape\ to base and, as loii see, oven out of the chest The lobe is tieinendousli blown up 
Giossly and mieroscopicall,! this was congenital emplnsema insofni as wo could toll, be 
cause of the fact that theie was diftusc widening of all the aheolai spaces and relatne 
lack of bioncliial elements. 

(Slide) Si\ months latei wo icpaiied the pectus with a stmt, after the manner of 
Daile.’i, using a bone bank bone, and the patient has icniiiined well I lla^e no wouls of 
wisdom on this, but it is of intoiest lu that the patient had both a pectus and appaieiith 
congenital localized emphysema of one lobe. 

DR. ROBERT R SHAW, Dallas.—I have cigojcd this papei by Dr Sloan, largeli 
because of the fine inannei in which he has ineseiited the pioblcm and also because of the 
inteiest I le.ue had in this condition foi seicrnl years. I would like to pioscnt two cases 
to help point out the differentiation between this condition and the usual type of obstiuctne 
elnph^sciiia that we see with thick iiseid iiiuciis in the bionchi of an infant. 

(Slide) This case is iei\ siiiiilai to the fust case showm by Dr. Sloan. The child 
was three months old and the on'h simptom was i.ipid respirations and wheezing. There had 
been no OMdence of iiifeition at anj tunc and the child w.is developing well The diagnosis 
of emplnsema on the right had to be made by a correlation of the plnsical liiulings, of no 
breath sounds on the right, with ven good breath sounds on the left, which seems a paradox 
when one looks at the films of the chest 

(Slide). This shows the right middle lobe lemoicd from this 3 month old infant. It 
filled the light heiiiithorax entirely, coiiipicssing the uppei and iiiiddle lobes which were not 
air containing. Tlic child has done well since surgeiw and has had no further respiratory dif 
ficulty. She is now a little over 2 vears old. 
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(Slide.) Here we had an opportunitr to observe the permanence of this situation. The 
sUde on the left shows a child 2 weeks of age. At that time it was thought that an enlarged 
thvmus was causing the obstructive tvpe of breathing and x-rav therapv was given. It 
was not noticed that there was a transluceney in the upper part of the left lung field. The 
second slide shows an x-rav picture taken when the child was 2 years old,, and the same 
transluceney is present with the heart still shifted into the right chest. 

(Slide.) On the left is shown the child at the age of 4, so there had been an interval 
of two vears between these x-ray views, and there is still transluceney on the left, persisting 
in proportion to the child's growth. I found that the apical posterior segment of the left 
upper lobe was involved and was easily stripped away from the remaining portion of the lobe. 
Because of a severe pectus excavatum which had developed during the four years of growth, 
the heart was unable to go back into the left chest. Surgery for this condition was advised 
but the parents were so pleased with the respiratory improvement that nothing further has 
been done. 

(Slide.) I think it is very important to differentiate this condition from the temporarily 
plugged bronchus which can also cause an emphysema in infants. I am wondering how Dr. 
Sloan was able to differentiate in the 6-day-old child these two different pathologic entities. 
Here is a child 2 davs old with apparent emphysema of the left lung. The child was put 
in moist vapor and observed tor one weex. 

(Slide.) This shows the chest at the end of one week of treatment. The emphysema 
has completely cleared. Just this past week I saw a child with atresia of the esophagus, 
who also had emphysema of the left lung. The emphysema has completely cleared follow¬ 
ing repair of the atresia. A temporary situation due to a tliick viscid mucus plug causing 
an obstructive phenomenon must be differentiated from the more permanent type of con¬ 
dition that we have called localized hypertrophic emphysema. 


DB. JOHX S. HAETEE, Louisville.—have had five of these infants in the past 
seven years. One reason for the large number is the fact that one family produced two of 
them. Three of the cases are of interest. 

(SUde.) This a-month-old baby was admitted to the hospital on Dec. 20. 1949. with a 
history of progressive dyspnea for three weeks. X-ray examination of the chest revealed a 
cyst occupying the entire right pleural cavity and displacing the heart and mediastinal struc¬ 
tures to the left. There is trabeculation throughout the right lung field typical of emphysema. 
Because the child was admitted about 2:00 a.ii. after a trip from the southern part of the 
state, a catheter was inserted and it was thought that operation would have to be performed 
later. However, the normal lung expanded and no further operative procedure was necessarv. 


(Slide.) The follow-up of this patient in 1952. four years after treatment bv aspira¬ 
tion alone, revealed the child to be well with no recurrence of the cyst. This is shown because 
of the possibUity of treating these patients by that method. 

The second patient was 23 months of age and was admitted to the hospital on ilav 17. 
19.50. The parents gave a history of the child having had pneumonia three weeks previouslv. 
During the ten days before admission the baby became increas'mgly dvspneic. 


(SUde.) X-ray views of the chest revealed a cyst occupying the right pleural space, 
displacing the heart and mediastinal structures to the left. At thoracotomy the riaht middle 
lolie was found to be greatly emphvsematons. filling the entire right chest. A risht middle 
lobectomy was performed. MTiat was thought to be an incidental iindinff at the time of 
operation, was a smaU fibrin baU free in the pleural cavity. Thoronsh search of the entire 
pleural cavity railed to reveal any other pathologic chantre. 

(SUde.) Much to our surprL=e. this photomicrograph of the fibrin ball was interpreted 
as sarcoma. The next slide is a Ingh-power photograph of the fibrin balk 

The baby made an uneventful recovery and was discharged from the hospital after 
tno weeks, with a small amount of pleural fluid present. .At siv ireeV- - „i... i.^ i 
cons',deraWe fluid in the right chest. .Aspiration of the fluid agam revealld tumor “c^s'T'e 
th, family of the fatal prognosis but they refuse,! to believe it ami took the child else- 
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where, wliere it was operated upon and died three days after operation, at wliicli time a 
large sarcoma of tlie cliest was found. 

Tile third patient was a sister of this child, who at 10 days of age was admitted to 
the hospital, extremely dyspneic. 

(Slide.) This was also a right middle lobe emphysema and a right middle lobe lobec¬ 
tomy was done. This child has remained well to date. 

The last two patients were sisters and one of them died of sarcoma following operation. 

The first patient presented, with the catheter drainage only, suggests that the etiology 
of obstructive unilobar emphysema maj’ in some instances at least be a failure of the re¬ 
maining lobe or lobes to expand normally following birth. Certainly this child has remained 
perfectly normal for four years. The two sisters with the emphysema of the same lobe, one 
with sarcoma of undetermined origin, suggest the possibility of some congenital anomaly. 

DE. WILLIAM A. JOHNS, Eichmond.—wish to thank the Association for allowing 
me as a guest the privilege of the floor. We have had the opportunity of seeing one patient 
similar to the ones reported by Dr. Sloan. It is interesting to note in the literature on the 
subject that alt cases not treated bj' surgical excision died. 

Our case was that of a 9-year-old girl whose chief complaint was frequent episodes of 
vomiting and nervousness. (Slide.) The anteroposterior view of the chest preoperatively 
shows the heart and mediastinal structures shifted to the loft, the lesion being in the left 
upper lobe. The lower lobe is compressed. 

(Slide.) The roentgenogram and photograph of the removed specimen, taken about one 
hour after removal, show that the lobe is not collapsed and has the appearance of Gelfoam, 
as described by Shaw. The apical segment was not involved in the process. 

(Slide.) These are the low- and high-power photomicrographs of the cut specimen. 
The alveoli are dilated and the walls are thin. The walls of the bronchioles are thin and the 
lumina are dilated. The lining cells consist of respiratory epithelium. 

(Slide.) Here is the postoperative view of the chest one month after operation, showing 
that the heart and mediastinum have returned to normal position, and the left lower lobe 
has almost completely filled the thoracic cage. No definite obstruction in the bronchi could 
be found. The patient has done e.vcecdingly well since operation. 

DE. EICHAED H. SWEET, Boston.—I hesitate to enter upon this discussion but it 
seems to me that it would be of interest to come back to the fundamental question of etiology. 

I would be interested also to know what Dr. Sloan says about Dr. Harter’s cases, because I 
do not believe he is talking about the same disease. 

(Slide.) Here is an inspiration-expiration film showing the parado.vical motion on the 
left side of a young boy of 17. He had a lot of dyspnea on exertion. Tlie same thing is 
shown in the lateral view. 

(Slide.) This is the slide I wanted to show principally because we were able to show 
in this patient that the entire lung was involved. The bronchial cartilages arc completely 
deficient. There was no single cartilage which had the usual U-shaped arch in continuity. 
The bronchial wall was soft and compressible, just as much so anteriorly as posteriorly, and 
I feel certain that this enormous overdistention and emphysema was due to the fact that the 
bronchus had no stability and performed in this abnormal manner because of lack of ade¬ 
quate cartilage. 

DE. EOSS EOBEETSON, Vancouver.—think it is a great compliment to the excellence 
of Br. Sloan’s paper that it has stirred up so much discussion. I am particularly interested 
in this subject. 

(Slide.) This is a photograph of an autopsy performed on a child at the Sick Cliil- 
dreu’s Hospital in Toronto in 1933. This child at the age of two weeks had suffered from 
shortness of breath and cyanosis. The right chest had been aspirated repeatedly in the 
belief that a cvstic lung was present, but the child died. This autopsy picture shows very 
well the huge right upper lobe almost filling the chest, compressing the lower lobe down onto 
the diaphragm and compressing the left lung into the left gutter. 
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(Slide.) This shows a section of the right upper lobe bronchus. The autopsy was per¬ 
formed by Dr. Erb, the pathologist, and he came to the conclusion that tliis flap of mucosa 
which is directed distally formed a ball-valve obstruction and caused the emphysema. 

(Slide.) This is an s-rav view of a patient 2 weeks old who had sjTnptoms similar to 
the other patient described. You will note that the lower lobe is compressed doivn against 
the diaphragm. Yon can differentiate this from a traumatic surgical emphysema and hemo¬ 
thorax by the fact that the lung is compressed downward instead of into a ball at the 
hilns. It can also be differentiated from atelectasis of the other lung by the fact that the 
diaphragm is lower; and from cystic disease in that you can see the lung markings fninth, 
and there is no evidence of cyst. 

Caffev has suggested that regional obstructive emphysema is usually lobar rather than 
segmental in distribution because of the alveolar pores of Kolm which form communicating 
channels between the lobar segments. Consequently, if a segniental bronchus were obstructed 
by a congenital check-valve, symptoms would not occur unless tlie pores of Kohn were 
obstructed by some inflammatory process. From this reason uncomplicated emphysema is 
lobar in distribution. 

DE. J. L. EHEENHAFT, Iowa City.—In the last eigldeen months we have encountered 
six newborns and infants n-ith the condition under discussion; I would like to show some 
slides. 

(Slide.) The first slide shows the preoperative chest s-ray photograph of a 5-month-old 
infant who has, as you wiU. see later, congenital cystic disease involving the left upper lobe 
of the lung. You see the marked displacement of the mediastinum to the right with com¬ 
pression of the contralateral lung. This child showed extreme respiratory distress when first 
seen by us. 

(Slide.) This slide shows the operative procedure in progress. It demonstrates the 
greatly enlarged left upper lobe and the compression of the normal left lower lobe. The 
left upper lobe, particularly the anterior pectoral segment and the subapical segments were 
involved and showed multiple smaller and larger cystic structures. 

(Slide.) This is a photomicrograph of the tissue removed by segmental resection, 
demonstrating that this lesion was not obstructive emphysema but true congenital cystic 
disease. 

I would like to show you also the chest x-ray films of another patient, 12 days of age. 
This child also was extremely ill when seen by us. If you compare the two chest x-ray 
films on the slide you will see marked progression of the area of emphysema in the right 
hemithorax. The time between the two chest x-ray pictures is twelve hours. The pathologic 
examination after the markedly emphysematous right middle lobe had been resected revealed 
it to be true emphysema, probably obstructive in type. These children are extremely ill and 
die a progressive anoxic death unless rapid surgical intervention is available. 

I would like to inject a word of caution. We have observed that the interval between 
preoperative intratracheal intubation for anesthesia purposes and the time of opening the 
chest is an extremely critical one. Apparently during positive pressure anesthesia, further 
rapid expansion of the emphysematous area does occur. Tlus is immediately relieved as soon 
as the thoracic cage is opened and the remainder of the lung tissue is permitted to expand. 
In the patients we have seen, the history of forceful resuscitative measirres in the post-partum 
period has been elicited. Therefore, we became interested to see if some of the emphvsema- 
tous damage may be due to resuscitative measures. 

I would like to show you two slides demonstrating these points. The first one is from 
a newborn infant who died two hours after birth. It had forceful resuscitative measures 
and it demonstrates the marked emphysematous changes in the lung parenchvma. In the 
second instance, you will see the microscopic appearance on the slide. Forceful resuscitative 
mc.asurcs wore also employed. It demonstrates marked interstitial emphvsema and areas of 
unexpanded lung tissue. We are convinced that irreparable damage can be caused in the 
immediate post-partum period by ovcrforceful resuscitative measures. 
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DE AVILMAM HENBY, Lynwood, Calif—too noulcl like to thank the Association for 
tlie pinilege of discussing Dr Sloan’s paper I ha%e had expeiience uith one patient, a 
JO^eai old bo;i mth eniplnsenia locali/id to thiee separate aieas of the right lung One nas 
In the right uppei lobe, two in the light lowei lobe 

(Slide ) This is the chest film At this time it was thought that the patient had oh 
striictive emplnsenia due to an intiabionchial foieign bod_\ Bionchoscopi wn= earned out 
and no abnoinialitj was found Following a bionchograin it was thought that he had cistic 
disease of the lung and a light thoiatotoiin was peifoimed 

(Slide) This IS the aitist’s conception of the opeiatiie hnding« As nearly as 1 could 
deteiniine the emplnsenia iinohed the posteiior segment ot the light upper lobe, and the 
lateial basal and supenoi segments of the light lowei lobe At that time, a little oici a 
leai ago, I did not know niiieh about this disease Resection of the tlnee aieas was caiiied 
out fiom the peiipherj inward This was done \eii easih (not that I would lecommend 
this method of lesection in eieii case) as m this piitieular Dpe of disease the line of 
denial cation with the noinial liiiig is extiemeh simple to follow 

(Slide ) This photomiciogiaph shows the eiiipinseiua, and the ne\t slide is a post 
opeiatne film showing the patient thiee months latei He has been followed for more than 
one jeai and has no siniptoms what«oeiei 

DR LEO ELOESSER, San Fiancisio—This extiemeh tailed senes of most inteiestiiig 
lepoits on infantile lespiiatoit difficulties indicates gieat possibilities The lepoits lange 
fioni bionchomalaeia to tuiiioi=, to adenopatht, to cjst«, and to a nio't taried senes of 
pathologic conditions M hen I was joungei thet would hate fallen into that undiagnosed 
limbo of diseases known as cioup I wondei whether Dr Johns means that the niortalitt ot 
infantile cioup is 100 pei cent, because, as I iiiidcistand it, theie aie mant patients with 
eioiip who lecotei tonipleteh It indicates, I think, the need foi inoie exact diagnostic pio 
cediiies, and it indicates also the possibilities of being moie exact in oui diagnosis before 
we pioceed to lesection In some of these infants, especi.alh those with a xen largo con 
genital c\st, suigical procedme was oxidenth indicated In some of them, perhaps, I wonder 
whether the piocediiie was necessaii, oi whethoi thei might hate recoioiod without losing 
one half or one qiiartei of their lungs, and without being headed foi the scoliosis which some 
of the xiaxs ahead} lead one to suspect 

DR SLOAN (Closing) —I slmuld like to thank the disciissois and aiiswei the ques 
tioiis which were raised In leph to Dr Shaw, it was not known whethei the 0 dn} old iii 
taut presented had peimaiicnt changes in the emptiisematous left upper lobe and whcthci 
he might not liaxe lecoxcied without opciatioii Had moie expert care been eniplo}ed and 
had bronchodilatois been used more effectneh, ho might lune been tided oxer Operition 
was peifoimed because it was thought the child wa« going to die 

I agiec with Dr Sweet that this condition should be differentiated fioni the laigo pul 
iiioiiat} c}sts winch some of the diseiissois haxe mentioned It should also be pointed out 
that tlioiaccntesis for decompiossioii of an emplix =enntoiis lobe ma} be fiaught with con 
sidei.iblc danger, as picxioiis loports indicate 

In lonti-ast to Dr Eliieiihaft’s p,itients, none of the infants presented here roqniicd 
xigoioiis u'siisiitatixc measures at biitli While too xigoions lesiisiitatixe measiiiOb are an 
impoitant f.n toi in ceitain icspiratorx emergencies it biith, Ihei plixed no part in the 
obstiiictixe emplnsenia obseixed in these infants 



JIUCOCELE. CONGENITAL BEONCHIECTASIS, AND 
BRONGHIOGENIC CYST 

Beatty H. Eajisay, IM.D., and Francis X. Byron, M.D. 

Los Angeles, Calif. 

T he literature on cystic changes in the lungs is very extensive. 

Several classifications and theories of etiology have been presented. Theie 
have been recent reviews of the subject, including an excellent iiaper hj 
Cooke and Blades.^ In the literature, ive have been unable to find a recorded 
case of mucocele of the lung or a specific reference to the presence of bronchial 
septa or segments of atresia in the bronehiogenic pulmonary cysts. During 
the past three years, we have encountered three eases of pulmonary cystic 
change with coexistent proximal bronchial septal obstruction. AYe do not 
believe this occurrence is unusual and coincidental. AYe do belieA'e that 
bronchial obstruction, usually due to a congenital septum, is the common cause 
of pulmonary bronehiogenic cysts. 

The first case, one of a mucocele of the lung, has been reported.- The 
patient was a 17-year-old-girl with pulmonary tuberculosis, and x-ray exam¬ 
ination showed a single cystic lesion in the left lower lobe. At surgery, the 
findings included in Case 1 were evident: 


Case 1.—M. S. was admitted to the Orange County General Hospital July 22, 1950. 
There were filmy adhesions between the superior and posterior segments and the adjacent 
chest wall. The arrangement of the lung was abnormal in the following respects: The basal 
segments were divided into two equal portions by a long vertical fissure; there was a partial 
fissure between the superior segment of the lower lobe and the basal segments; the interlobar 
fissure was incomplete, being totally absent in the posterior half; the bronchi of the 
posterior segment of the upper lobe originated from a subsegmental bronchus (most 
posterior) of the superior segment of the lower lobe, and thus traversed the posterior 
portion of the usual fissure line. 

Dissection revealed smooth, rounded, pale, semitranslucent, cystlike structures, ex¬ 
tending through the superior and posterior segments in a branching, budding fashion. 
When an occasional branch was ruptured during the dissection, it was found to contain 
a large amount of thick, whitish, mucoid material. There was absolutely no evidence of 
inflammation or of solid deposit. 

After division of the superior segmental bronchus of the lower lobe, it was possible to 
visualize the origin. This was imperforate, coming to a shallow, blind, funnel-shaped 
pocket, the walls of which were completely smooth as were the walls of all the cvstic 
spaces. 

The entire lung had relatively little carbon deposit, but the superior segment was totallv 
devoid of such pigmentation. All segments of the lung seemed to inflate normally, althougli 
the posterior segment deflated somewhat more slowly than the other. The blood supply arterv 
:ind veins, and the remaining hilar and pulmonary anatomy were normal. The diaphragiu 
pericardium, and mediastinal structures also were normal. ’ 


Roa(l at the Thirty-tlilrd .\nnual Aleeting of The American Ascocinfmr, m, 
Surgory. San Francisco. Calif.. March 27. 2S. and 30. 1953 ' -Association tor Thoracic 
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^).—-Posteroanterior roentgenogram, 
left mid-lung field. An air-fluid level is present. 


There is a circumscribed density in the 
A multi-branched density cannot be seen. 



Fig. 2 .—JVIucoceie of the Jeft Jung. liJustration of the bronchial patholo^' in Case 1. 
The lower lobe superior segmental orifice is obstructed by a flush thin membrane. The bronchi 
distal to this septum are dilated and filled with mucus. One such bronchus is cystic and con¬ 
tains both mucus and air. The upper lobe posterior segmental bronchus terminates aberrantly 
distal to the septum. Both obstructed segments are normally inflated. 
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Surgical removal was by segmental resection. The area of bronchial obstruction was 
not removed. The septum was flush with the superior segmental orifice, as demonstrated by 
bronchoscopy, and was not removed. This septum was thin and was funnel shaped from the 
distal side, as one would expect from the tension of the mucus within the dilated bronchial 
branches. 

Tlie second occurrence was in a 30-year-old woman, asymptomatic, in 
whom a left pulmonary mass was discovered by survey chest roentgen-ray 
examination. At surgery, the following pathology was demonstrated: 

Case 2.—On April 5, 1951, B. B. was admitted to Saint John’s Hospital. The pleural 
space was everywhere free from adhesions. The lower lobe of the lung was perfectly normal. 
The heart and mediastinum were perfectly normal. At the hilum of the upper lobe anteriorly, 
there was a cystic structure with an opaque, white wall of moderate thickness. This extended 
from the mediastinum outward into the lung tissue between the superior segment of the 
lingula and the apical segment of the upper lobe. Dissection revealed that the structure 
was cystic and originated from the upper lobe bronchus near its origin; at this point, 
there was an imperforate condition. The cystic structure itself measured about 4 cm. in 
diameter and split the superior pulmonary vein into two parts, one of which coursed along the 
inferior surface and the other along the superior surface. The pulmonary artery to the left 
lung also was closely opposed above and slightly posteriorly. The margins of the cyst seemed 
to extend right to intersegmental planes above and below, so that intersegmental veins could 
be followed in the separation from the superior lingular segment inferiorly, and from the 
remaining portion of the anterior segment above. 



Vie. 3 

Mmdon ”;;r^nmderam roenteenogram. There is a 

I*iff. 4 (Case 2 ).- Lateral mow of the circumscribed density. 


Fig. 4. 

circumscribed left 


parahilar 


Tliore uas also an anthracotic scar near the tip of the ond ..+ *1,1 
segmental plane. In cutting through this a small velloudsh no^fle ^ 
a small tuberculous focus, encapsulated, and measur'ing about 2 mm.T Ster!'"'’'"^ 
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The cystic structure contained a mucoid-like material and resembled, in every respect, 
an obstructed, small segmental bronchus tilled with mucous secretions in aU its branches, as 
it bad several small, elublike outpocketings from the main cystic mass. 

An excerpt from the operative description is pertinent. “However, the stump was 
immediately clamped distally and was sectioned proximally, and an imperforate condition of 
the obstructed bronchus was seen. This was perfectly airtight and it was not necessary 
to place any sutures here. Tlic cyst was then removed from the upper lobe by following small 
veins as a guide to the upper and lower intersegmental surfaces.” 



Kigr. 5.—Bronchiogenic cyst left upper lobe. Illustration of the left lung Ucpiotmg the 
cystic structure u'hich replaces the anterior segment of the upper lobe. Note the narrou* 
imperforate origin from the upper lobe bronchus. There are several shallow outpouchings in 
the cyst wall which are probably the lUlated terminations of small bronchi The wall is 
thickened. The intersegmental planes contain dark pigment. 

The third patient was a 41-year-oIcl man with an infected mnltilocnlar 
cystic mass in the middle lobe area. 

Case 3.—On Feb. 2 , 1952, A. G. was admitted to Saint .Tolm's Hospital. At surgery, 
segmental resection of the medial segment of the middle lobe was carried out. No septum or 
bronchial obstruction was noted at the point of bronchial division. 

Subsequently, the gross specimen was carefully examined by dissection along the 
bronchi. The medial segmental bronchus was normal in every- respect, measured about 1 cm. 
in length, and bifurcated at that point. One subsegmental bronchus was dilated and thick- 
walled in all its branches, and at its commencement there nas a rimlike circumferential 
thickening suggestive of residual bronchial membrane. The other subsegmental bronchus was 
almost completely obstructed at it.s origin by a thin membrane, one margin of which 
was in continuity 'n-ith the thickening of the other subsegmental orifice. There was 
marked cystic change beyond the membrane, multilocular, and w-itb varying sized out- 
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Fig. G. 


Fig. 7. 


_ Fig. G (Case 3 ).—^Posteroanterior roentgenogram, 
cardiophrenic angle. Two fluid levels are present. 


JIultilocuIar cystic density in right 


Fig. 7 (Case 3).—Lateral view again showing the two fluid levels. 



• tr. f ridging of the muco.sa. thickened walls anil^dilated'changes 
The p.irencliyn,a is condensed, more so .about the'cyst. '' 
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pouchings. There was a 2 mm. opening in the septum, tlirougli wliicli tlie cystic stnic- 
turc conimunicntod witli the medial segmental bronchus. 

The pathologic diagnosis was bronchiectasis and cystic disease of the lung. 


DISCUSSION 

The three cases presented (mucocele, broncliiogenic cyst, and combinecl 
congenital bronchiectasis and broncliiogenic C 5 ’'st) appear to be variants of 
the same pathologic process. Each features a thin bronchial septum, intact 
or ruptured, along with distention in the tributary bronchi. One case pre¬ 
sented a smooth, thin, translucent septum which completely occluded the left 
lower lobe superior segmental orifice; as a result, the tributary bronehial tree 
was distended with clear mucus. 

The pathologj’’ of a second patient revealed a single cystic cavity, with 
outpouchings in the Avail, and a thick, imperforate septum at the origin of the 
cyst from the bronchial tree; the cyst Avails Avere coexistent Avith the inter- 
segmental planes of separation from adjacent segments. The third entity 
inAmlAmd the medial segment of the middle lobe; one subsegment sliOAved 
seA^ere cylindric bronchiectasis A\dth just a trace of ruptured septum at its 
orifice; the other subsegment revealed an infeeted multiloeular cystic dilata¬ 
tion beyond a thin septum AA'hieli obstructed the orifice, a pinhead-sized 
opening being present in the septum. 

Only in Case 3 Avas it practical to remoA'e the septum as part of the re¬ 
sected specimen. Jlistakenly the cyst, but not the septum, was photographed 
and studied microscopically. The portion of the specimen containing the 
septum AA'as discarded. It is regretted that a photograph and a microphoto¬ 
graph of the septum cannot be submitted. 

Although bronchial septa haA-^e not been described in connection Avith 
broncliiogenic cysts, there haA'e been reports of numerous cases Avhere the 
cystic spaces did not communicate Aidth a bronchus. In Cooke and Blades’ 
recent paper, tAvo of the reported cases shoived no filling of the involved 
segments on bronchography, and there Awns no recoz-d of bronchoscopic study. 
Perhaps a segment of bronchial atresia Avas present in each case. AVhere, in 
other reports, communication of the cy^stic spaces irith the bronchus Avas 
shoAvn, it is possible that a septum had originally been present, but had 
broken doAim. In the past, most cysts haAm been removed by lobectomy, and 
aiiA' membrane at a segmental oi’ifice passed unnoticed. Likeivise, patho¬ 
logic study has usually been by cross-section technique ratlier than by dis¬ 
section along the bronchial tree. Whei-c resection has left a septum Avitli tlie 
proximal stump (Case 1), it has been unrecorded. 

Study of most illustrated cases of broncliiogenic cj^st reveals outpouchings 
in the cyst Avails. It is probable that these are the blind, dilated ends of 
tributary bronchi which have been taken up in the wall of the progressively 
enlar^’ing cyst. So-called multiple cysts have been illustrated m cross-section 
^de^v.“ It is doubtful that most of these are actually separate cysts. More 
likelv thcA- are various-sized bronchial branches, di atec. is en e . and 
triS4ry t^ a septal obstruction, and Avhich appear to be separate cysts Avhe 
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cut in cross section. Probably examination of such cases by bronchial studj 
will reveal the singleness of the entity. 

Of all the theories which have been advanced to explain the formation 
of bronchiogenic cysts, the one which seems most reasonable, in light of the 
findings reported here, is that of Mueller, as interpreted by Sante. This 
theory holds that at a certain stage in bronchial development, the normal 
tubular growth is temporarily interrupted, and subsequently resumed. As 
a result, a zone of atresia is produced, short or long, distal to which bronchial 
tributaries exist. This theory and the circumstances of the clinical cases fit 
exactly. That portion of Mueller’s theory which applies to alveolar-tj’pe 
cysts is not relevant to this paper. 

The free and easy inflation and deflation of the two obstructed segments 
of Case 1 explains the lack of atelectasis and secondary x-ray change. It is 
probable that a mucocele is not evident on a roentgenograph until it becomes 
of sufficient mass to produce a significant density in relation to the amount of 
lung parenchyma in which it is found. Secondary changes of decreased lung 
volume or mediastinal shift do not occur until collateral ventilation is 
eliminated by edema, inflammation, or other change. Thus it would seem 
that a congenital bronchiogenic cyst, or its precursor, can be present in the 
total absence of roentgenographic change. 

The deposition of anthracotic pigment in the adjacent intersegmental 
planes of Case 2 is probably a consequence of collateral ventilation and the 
filtering out of the particles bj- the fine mesh of the collateral openings. 

In Case 1 there was a single tliin-walled cystic structure, visible by x-ray 
examination. This contained both air and fluid. Yet at surgery, there was 
total bronchial obstruction and filling of the tributary bronchi Avith mucus. 
During segmental resection, unavoidably, small bronchi Avere interrupted and 
it Avas not possible to demonstrate the air-fluid cystic space. It must be 
assumed that the air entered this part of the mucocele from the ah’eoli, and 
not along the bronchial tree. It is of interest that the retained mucus does 
not enter the ah-eoli, probably due to physical properties of the mucus. 
Loosli, Adams, and Thornton^ haA'e produced an analogous condition in dogs. 
By painting a lobar bronchus Avith silA-er nitrate, aseptic bronchostenosis Avas 
produced. Since no single segment of the lobe remained unobstructed, there 
Avas no opportunity for collateral A^entilation, and atelectasis resulted. On 
pathologic examination, the larger bronchi Avere distended AAuth mucus, but 
the terminal bronclxioles and ah-eoli Avere collapsed and free from mucus. 




It appears clear that during broncliial development, temporary interruption 
of tubular groAvth results in formation of an atresic area beyond which normal 
Inonclnal structure exists. Progressive accumulation of secreted mucus pro¬ 
duces cylindric distension of the blocked bronchial branches, a mucocele If the 
atresic area_ breaks down at an early phase of distention, true congenital 
uonclucctasis results. If extreme distention occurs before septal riipture 
tlim is cystic dilatation, unilocular or multilocular, and the Avails of such have 




CUPTURED BRONCHOGENIC 
CVST 


l.'iir. >1.—OnnKoi\tti\l liroiu-liliil atvosin, rolatUinshIn of assoolatoil olink-al 
nvaUo HiawliiK. OoiuiuonoiajT oontor loft, follow Iho allow: 

7!r<iiu-/iin/ (ilroxia.' rioxliiially tlu-ro Is a soBiuoiil of liioia'hiis wliloli fallml to iiiuloi'ito 
tiibiilai- ilovoIoi'iiK'iil. This area may ho thin atui momhiatums. as .lopiotoil, or loim'or ami 
oorilliUo PIstallv tho hroaoliial wall Is iiornial aial ooataiiis fimotlonlair alainls, Jtiiotis 
drolls aio sliown within tho liimoa. Tho iiaroiiohyina Is normal. 

triiiNiorlo ■ Tho muons has acoinmilatod hooaii.so of tho ohsit notion, riio soptitm Is now 
oonvox and tho hronohlal walls aro dllatod. Tho paronohyma Is normal. 

nonondim.' upon whothor or not tho soptnm rnptnros, tho followlm: dovolops: 
t'liMiniiilitl hrono/iirofa.vi.v.' Tho soptnm of tho mnoooolo has rnptnrod. Somo muons 
irons n o still within tho dllatod hronohl. Infoothm has rosnl od In thloUonod walls, 
diop.s a 1 ,.|/.s'f.' Tho soptnm of tho mnoooolo has romalnod Intaot ami oystio dllata- 

.. /r II / 1 r.mohlarnalls has talion plaoo. Tho dllatod torminations of tho smallost hronohl 
tlon V'' p, tho oyst wall. Tho paronohynia l.s oomlonsod hut may still In- 

aro ,!p, "(iilatoral vontllatloii If thoro aiv adjaoont normal socmoiits. 

tlato and '•'.'.‘•J* , j , ,.|),vf ' .\ftor ovstio dilatation, tho soplnm has rnptnrod. Ulost 

f 11 ' nmons h’U o'oapod Infootlon has ooonrrod with thiohonimr of tho oyst wall. Tho 
paronohyma is alTootod and alrloss. 
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small blind outpoucbings Avliicb are the dilated terminations of the smaller 
bronchi. 

Other findings of interest include: (1) normal infiation—deflation of the 
alveoli belonging to the obstructed segments, (2) the presence of an air-fluid 
level in one area of bronchial dilatation, and (3) failure of repeated x-ray 
examinations to demonstrate the branching mucocele. 
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DISCUSSION 

DB HENEY J. HEIMLIOH, Neir York.—I wish to thank the Association for the 
pm liege of the floor. I would like to refer to a case involving a patient with a congenital 
intrapulmonarj cjst. 

This child was 34 months old at the time of admission. His mother stated that at 
the age of one jear he was admitted to a hospital with the diagnosis of pneumonia 
At that time no chest x ray picture was taken. From the age of one j ear until the 
patient’s admission 22 months later, he had recurrent bouts of fever, with temperatures of 
104° to 105° F., lasting one week to ten da 5 S. He always appeared undernourished and 
refused food after a few mouthfuls. He could walk less than a block before he had to be 
carried, due to extreme fatigue. He had frequent colds and cough with expectoration. 
Ten dajs before admission he had a recurrence of the fever already described. The 
family plij sician took a chest x ray film which showed a huge collection of fluid with a 
fluid leiel in the right chest, he thought it to be an empjema 

(Slide ) These are the admission x raj films showing a huge cj st in the right chest. 
The third x-raj- picture shows the postoperative film. 

On admission temperature was 104° F.; he was given antibiotics for fivm days after 
which the temperature diminished to 101° F. At this time a thoracotomj uas performed 
through an anterolateral incision because of the possibility of this being an empyema. 
A huge cjst was found witlim the substances of the right upper lobe uhicli j-ielded thick 
pus on aspiration. There were onlj a few thin adhesions to the apex of the chest. On 
performing a right upper lobectomj, it was noted that the entire blood supply to the 
lobe consisted of two small arteries from the pulmonarj artery and tuo small veins 
which entered the superior v ena cav a The right upper lobe bronchus was entirelj- normal. 
There was a thin bronchial stalk from the cvst, about 2 to 3 mm in diameter, which com¬ 
municated uith the right upper lobe bronchus uhere it originated from the right main 
bronchus Following lobeectomv the lower lobes, uhich were completelj free of disease 
and to which there were no adhesions, expanded and filled the entire chest, as was seen 
in the postoperative film Eecoverv was uneventful and the patient’s general condition con¬ 
sistent}} improv ed 

Pathologic examination slioucd the cjst to be lined with bronchial epithelium and 
the surrounding pulmonarv tissue in the remaiiuler of the right upper lobe to be in¬ 
filtrated conipletelv with iiiflaiiiniatorv tissue Me feel that the presence of a normal 
right upper lobe bronchus and the stalk to this cvst plus its unusual blood supply puts 
this lesion into tho class of a true congenital broiicliiogenic intrapulmonarv cvst. 

dr ETH.VN FLAGG BUTLER. Elmira. N Y_I„ Pvgone davs, in operating upon 
pulmonarv lesions that could be considered congenital in origin, I have five times en- 
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countorod anomalous artorios arising from tlio aorta and outoring lung tissue. I would 
like to ask Dr. Kamsay, and any otlior discussers if, in similar congenital jmlmonary 
lesions, they have also noted vascular anomalies. 

DB. MAEK M. EAA''1TCII, New York.—^Dr. Eamsay has denionstrated to the Asso¬ 
ciation these obstructive changes in the bronchi. I am not conlident that the demonstra¬ 
tion is equally clear that these arc congenital. The one patient who had tuberculosis 
brought to mind the fairly frequent development in children of fairly advanced bronchiec¬ 
tasis on which operation is nltiniatolj' undertaken, sometimes at an early age, with 
relatively little evidence that the obstruction is actually caused by the tuberculous proces.s, 
unless one has watched the development over j-cars with serial roentgonograms. I would 
like very much to hear also what the histologic changes wore at the point of obstruction, 
and the histologic character of the lining of these cysts and bronchi. 

DE. CAMEEON HAIGHT, Ann Arbor.—^It has boon our opportunity in the last six 
months to see two cases of congenital bronchiogcnic cysts, in which the lesions have had 
a solid appearance resembling a tumor. In each instance the lesion was relatively small, 
not over the size shown in Dr. Harter’s case, and had a sharply circumscribed wall by 
roentgen examination. A preoporative diagnosis of probable indotorminafo typo of tumor 
was made in both cases. At operation they wore found to bo broncliiogonic cysts, com- 
plotelj' tilled with sterile purulent fluid and having no bronchial communication. One of 
them was situated in a sequestrated portion of the lower lobe into which an anomalous 
artery entered from the aorta. 

DE. EAMSAY (Closing).—I would like to thank all the discussors and will answer 
their questions as best I can. With reference to Dr. Butler’s question about anomalous 
vessels, I would like to say that wo have indeed encountered several cases of bronchiogcnic 
cyst whore the blood supply was anomalous. AVo feel that this is another typo of bronchio- 
gonic cyst, the so-called sequestration cyst. AVe believe the embryology, or tho anomaly, 
is a different type entirely. 'That is not a part of tho paper but is a part of tho subject. 

I cannot answer Dr. Eavitch’s question too well. In two of these cases tho site of 
obstruction had to bo left physically within tho patient. In tho first case presented, tho 
mucocele was thinned and tr.ansluconl, and it was almost possible to see through it; it was per¬ 
fectly flush with tho superior segmental orifice. It was so thin that wo felt it necessary 
to close tho proximal site with several silk suture.s. In tho second case tho obstruction 
was narrowed and fibrous, it did not require closure with sutures, but it was immediately 
upon tho upper lobe bronchus and could not be removed for study. So it was not until 
tho third case that wo had finally something from which wo could make a photomicrograph. 
AVe asked the pathologist to photograph it; ho sectioned it, and passed tho buck to some¬ 
one, who photographed tho cyst but not tho septum. AA'o wont back to get the specimen 
and they had discarded all but a small bit of the wall. 

If this wore a rare condition I would bo more unhappy than I am because it might 
never bo possible to demonstrate whether or not these were congenital, or just what tho 
pathologj' was. However, bronchiogcnic cysts are very common, and I believe if each is 
examined bv dissecting tho bronchi to the distal side, other septa will bo discovered 
frequently, by many different people. AVe have a patient now on whom wo hope to 
operate within a month, and wo hope we can obtain a photomicrograph in time for 
publication. 

In Case 1, tho mucocele was so thin and glistening that I do believe it was con¬ 
genital. Our concept is, however, that proximal bronchial obstruction, wliether congenital 
or acquired, may produce tho entire sequence of ehaiigc.s. 

AVith regard to Dr. Haight’s interesting case, which parallels our case of mucocele 
considerably, there was no bronchia] communication. I would like to know if the 
bronchi wore examined carefull.v, proximal to distal, and if there was an intact septum 
in that case. 
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tivelv. Botli patients definitely improved. It is now eiglit and one-half months postopera- 
tively, respectively. (It is believed that step-wise opening of the valve, about one-t^rd o 
the way each time, and then checking for any resulting insufficiency might have limited this 

effect.) 

B. F. had aortic stenosis, mitral stenosis, and a slight degree of aortia inswaaienay. 
The latter was significantly increased by the aortic dilatation. Simultaneous mitral com¬ 
missurotomy and commissurorrhaphy were performed. Bedth came twenty-eight days post- 
operatively from congestive failure, acute pieriearditis, and jaundice. The aortic inefficiency, 
per se, was not of sufficient degree alone to cause death, but was probably coutributory in 
the degree of congestive failure. 

c. Mitral Insuffioieuey: Mitral insufficiency was produced in a combined case of aortic 
and mitral stenosis. Both valves were operated on. Bechrrent pulmonary edema occurred 
thereafter with death four and one-half months later (Case J. M.). 

d. Mitral Stenosis: In Case L. K. mitral stenosis wa® produced in a combined case of 
aortic stenosis, mitral insufficiency, and minimal mitral steposis- Aortic commissurotomy and 
mitral coinmissurorrhaphy were performed, the latter probehly too tightly. Death occurred 
on the second postoperative day in pulmonary edema. 

e. False Passage of Guidewire Through the Interventricular Septum Out Into the 
Pulmonary Artery: Further attempts were unsuccessful! recovery was uneventful. Case 
C. B,, not reported here. The aortic valve was higldy ca'careous. This was an eaVnur case 
which might have been successful had we used the guiding finger tip via the left auricular 
appendage. There was co-existent mitral stenosis, which ivas relieved hy commissurotom.v 
before the attempted aortic commissurotomy. The patient was a 43-year-old man. Only 
slight improvement occurred. 


Conduction Irrcjiularities .— 

a. Ventricular Fibrillation: Case D. B. Ventricular fibrillation occurred just prior to 
closure of the cliest after pericardium had been, closed. Combined mitral and aortic com¬ 
missurotomy had been performed. Suddenly there were mfloy extrasystoles and a tremendous 
“jumping'' and beating of the heart; then fibrillation. The pericardium was opened and 
massaged, and two 3 second shocks of 110 volt house line current with the defibrillator were 
administered. More massage was applied until there was full recovery. The intravenous 
procaine had been stopped two minutes prior to the onset of the fibrillation. The patient was 
a woman 33 years old. 

Case E. S. I. The essential difficulty was aortic stenosis with a slight degree of aortic 
iisufficicncy. There was a noncalcareous valve. The mitral valve was explored and was shown 
to be normal; aortic commissurotomy was performed. Death occurred very suddenly, 30 
ninutes after sorgciy was completed. Immediate thoracotomy showed findings of arrest and 
ventricular fibrillation. Treatment included massage and month-to-mouth respiration. Within 
five minutes positive pressure oxygen and defibrillation was attempted. All efforts proved 
unsuccp.ssful. Valves had been well opened as per autopsy findings. This patient presented 
the worst risk of any case iiere reported. There had been severe myocardial failure with 
congestive findings unresponsive to intensive medical therapy for nearly three months. The 
patient was a 51-ycar-old woman. 


li. Cardiac arrest: Case F. B. The patient was a 00-year-old woman, who liad cardiac 
nrrc't while mitral commissurorrhaphy was being completed- Cardiac rnnssage and FY (intra- 
vt-nous) ntrojnne broughf the heart hack. Alitrnt commisrurotomy and aortic commissurotomy 
were then performed. There were very rapid runs of auricular fibrillation postoperativcly, and 
a borderline schirophrenas was present for several daj-s. Eventual recoverv and control of 
rliNtlini achieved. The patient improved. 

c. Auricular fihrillation: E. Sg., a S9-ycar-old woman, was in a shochlihe state on the 

n? combined mitral and aortic coramissurotomv 

li.apicl It digitahration and prcs.mre oxygen aided in full recovery. 
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Table III. Aortic Commissurotomies 
(April 3, 1952 to Dec. 23, 1952) 


Essential Aortic Stenosis 13 

“pure” AS 

AS, ai 


Essential aortic stenosis and mitral 

stenosis 19 

“pure” AS, “pure” MS 


AS, ai, MS 
AS, ai, MS, mi 
AS, MS, mi 

Essential aortic stenosis, mitral 

stenosis, and mitral insufficiency 5 

AS, MS, MI 
AS, ai, MS, MI 

Essential aortic stenosis and mitral 

insufficiency 3 

AS, MI 
AS, ai, MI, ms 

Essential aortic insufficiency and 

mitral stenosis 1 

as, AI, MS 

Essential aortic insufficiency 1 

_as, AI, mi__ 


J. D., E. H., F. M., P. P., W. B. I., 
W. Er., B. N. 

E. SL, A. W. B., L. M. (slight ai) 
W. I., IV. C. (si. to mod. ai) 

G. B. (mod. to signif. ai) 


M. D., E. Sg., H. IV., 1. M. B., H. M., 
D. R., D. P. E., M. Gi., E. U., 

J. M., J. B., M. c., yv. J. 

B. K., S. B., E. E. W. 

M. Gn., H. S. 

P. D. 


G. D. W., F. B. 

E. C., P. K., E. F. 


C. IV., K. B. 

L. K. 


J. A. 


E. C. 


] 


42 cases 7 deaths 16.6% mortality 


Isolated aortics 
Multivalvular cases 


13 with 1 death: 
29 with 6 deaths: 


7.7% mortality 
77.0% improved 
20.7% mortality 
72.4% improved 


E. F. (see under aortic insufficiency) died twenty-eight days postoperatively in conges¬ 
tive faEure, probably with recurrent rheumatic infection and pericarditis. Severe runs of 
auricular fibrillation postoperatively; normal sinus rliythni Jiad been present preoperativelj. 

Other Complications .— 

a. Retained Secretions: Five cases required bronchoscopy and one tracheotomy (par¬ 
ticularly common in cases with pulmonary fibrosis, emphysema, or a very large loft atrium 
pressing on the left main bronchus). 

b. Pleural ESusion: There were seven cases, serous, wliich recovered. 

c. Atelectasis: Tliere was one case; bronchoscopy and forced coughing; the patient 
recovered. 

d. Pulmonary Embolism: One patient, H. W., a 41-year-old man, died on the seventh 
postoperative day. He had had aortic and mitral commissurotomy. Ante-mortem thrombus, 
right auricular appendage had occurred. 

e. Gastric Dilatation: There were two cases; recovery was uneventful. 

COMIMENTS ON TWO CASES NOT A PART OF THOSE HERE REPORTED 

The mandatory relief of both valves in combined aortic and mitral stenosis is aptly 
shown in two such cases in which only the mitral valve was opened. 

Death from ventricular fibrillation and cardiac arrest came in one case, J. I. E., a 
man aged 5S years, 24 hours postoperatively. At surgery, following relief of the mitral 
stenosis the blood pressure fell to a level of 60 and the decision was against attempting the 
aortic commissurotomy. This was one of the earlier cases; today both valves would have 
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Table IV. Forty-Ttvo Operative Cases—Clinical Evaliiation 


AORTIC STENOSIS (40 CASES) 


ISOLATED I 
OR SIG- 
jxlFICANTLY 
SO 


42 CASES: 


(AS) 


PLUS 

MITRAL 

STENOSIS 


Sex: 23 male 

19 female 
Age: (average) 

(range) 

20 eases: positive 
history of rheumatic 
fever 

19 cases: strongly sus¬ 
pected origin of rheu¬ 
matic fever 
Other origin 
3 cases 


Duration of known 
murmur: 

(average; valve un¬ 
specified) 

14 cases in myocardial 
failure 

Duration of clinical 
signs and symptoms 

Duration of acute symp¬ 
toms (average) 

Calcification of aortic 
valve 

Mortality (IG.e^c) 
Operative 
Early 
Late 


15 yr. 


4.3 yr. 
1.2 yr. 


(AS, MS) 


13 

11 

2 

36.2 yr. 
14-67 yr. 
4 


2 (con¬ 
genital) 


19 

5 

14 

41.5 

32-59 

S 


11 


14 % 

6 

5.5 

1.1 

7 

0 

2 

1 

3 


PLES 
MS & 
MI 


(AS. MS, 
Ml) 


a 

3 
2 

36.5 

25-51 

4 


20 

1 

3 

1 

2 

1 

1 

0 

2 


PLES 

MI 


(AS, Ml) 


AORTIC 

rXSTTFITCIENCY 


PLUS 

MS 


(Al. MS) 


1 

43.3 

40-4S 

2 


(Bheumat- 
ic fever 
and sub¬ 
acute bac¬ 
terial en¬ 
docardi¬ 
tis) 

17 


3 

9 

9 mo. 

2 

0 

1 

0 

1 


1 

1 

34 

1 


WITH 
INSIG- 
NTFTCANT 
AS & MI 


27 


6 mo. 
6 mo. 
1 


(AI) 


1 

1 

34 

1 


24 


10 yr. 


Per cent 


15.8 


40.0 


33.3 


been opened. The lack of blood pressure would have caused concern but no surgical refusal 
to proceed. 

Another patient, B. I., a 49-year.old woman, had relief of a tight mitral stenosis, but 
because the aortic stenosis was considered only slight to moderate in degree, further pro¬ 
cedure was surgically refused. Some five weeks later this patient returned in severe con¬ 
gestive failure, with the obvious findings of significant aortic stenosis. Attempts to get the 
ca«e in condition for surgery were to no avail in spite of intensive medical care. Death came 
in congestive failure nearly seven weeks postoperativcly. 

Commeni .—These two cases demonstrate in a very vivid way the phv’siologic 
signifieance o£ nniltivalvular heart lesions and their requirements for simultane¬ 
ous repair once .surgery has been decided upon as the course of therapv. They 
tend to justify the concepts of surgical treatment as outlined under “Concepts.” 

SUMSIARY 

1. The etiolo^' and pathogenesis of aortic stenosis is reviewed, including 
autopsy findings in G cases of 42 aortic commissurotomies. 
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2. Pl•e^’iolls efforts for the relief of aortic stenosis are discussed. 

3. Confii Illation of the soundness of the concept of aortic coniniissnrotoniy 
is presented. 

4. The Bailey aortic “dilator’’ is described. 

5. The present technique of aortic eonnnissurotomj' is outlined. 

6. Forty-tu'o cases of aortic stenosis, ivith and ivitliout other valvular dis¬ 
ease, are presented; in each instance aortic comniissiirotOmy was performed. 
There were included 21 eases with mitral commissurotomy simultaneously per¬ 
formed, 2 with mitral comniissurorrhaphy, 2 with both mitral commissurotomy 
and commissnrorrhaphy, and one with transaortic Nylon tamponage of the 
aortic valve. 

7. Concepts and discussion of physiology and technique are given. 

8. Preoperative evaluation and indications for aortic commissurotomy are 
considered. 

9. There were seven deaths in 42 eases, a mortality of 16.6 per cent. The 
causes are divided as follows: 

In 13 eases of isolated aortic stenosis, one death. 30 minutes postoper- 
atively, was due to ventricular fibrillation; mortality of 7.7 per cent. 

In 19 cases of aortic stenosis and miti'al stenosis (17 mitral commissurotomies 
performed) there were three deaths; mortality of 15.S per cent. These are 
accountable as follows: one two and one-half hours after surgery due to bleed¬ 
ing- from the ventricular surgical wound; one on the seventh postoperative day 
from a massive ])uImonary embolism due to thrombosis of the right auricular 
appendage; one four and one-half months post operatively due to recurrent pul¬ 
monary edema following a significant mitral insufficiency produced at surgery. 

In 5 cases of aortic stenosis, mitral stenosis, and mitral insufficiency (each 
lesion significant) there were 2 deaths. This small group, besides having aortic 
commissurotomy, included 3 mitral commissurotomies and 2 in which both mitral 
commissurotomy and commissurorrhaphy (mitral commissural suturing) were 
performed. IMortality is 40 per cent. One death occurred on the operating 
table, following relief of the valvular leions, due to a tearing through of the 
hemostatic ventricular purse-string suture, resulting in fatal hemorrhage. The 
other death, twenty-eight days post operatively, was due to reactivation of 
rheumatic infection with pericarditis, congestive failure, and perhaps some de¬ 
gree of produced aortic insufficiency. 

In 3 eases of aortic stenosis and mitral insufficiency (3 aortic commi.s- 
urotomics and 2 mitral commissurorriiajihics) there vas one death; mortality 
of 33.3 per cent. This fatality occurred on the second postoperative day due 
to pulmonary edema probably resulting from a too tightly sutui-ed mitral valve; 
a surgically produced mitral stenosi.s. 

to. Of the isolated aortic valve cases, 77 per cent are improved. Of the 
multivalvular cases, 72.4 per cent arc improved. 

11. Operative and postoperative complications arc discussed. 
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12. The theoretical concepts, the developmental experiences, the clinical 
and pathologic results of this work encourage ns to hope that aortic commis¬ 
surotomy for aortic stenosis Avill prove to be as permanently lieneficial as mitral 
commissurotomy for mitral stenosis. 
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CAKDIOPraiOXAEY FUNCTION TESTS 

Tikixg Oi-ot !'LD. 

Si^>CKH01-35, S'VrEPSX 


S INCE THE ienrT aini ilie hiiigs Tnmfiio'n cs s TiTih, it is often aiSeTtlt to test 
them senarctelv. 

The main innction of the heart ana the lungs is to ttirnish a eontinuous 
stronlr of oxrnen and uourtshment to all cells oi the hoSy ano to remoTC the 


carom dtonice and metaholie end products. 


rrxcitox or thh ss-tuT 


The heart runetions as a pump tvith the aTrioventrieular septum acting as 
a utston. Functiou tests rriH therefore in the urst place iuelude determinations 
of the pump's output and pressures in the heart and the lug ressels. 


x/>: Cardwc Oufatrf.—^The cardiac output is determined according to Pick's 


formula. 


Onygen consumption ml. "min. 
The arteriovenous Oi dig. ml X. 


The error oi the method, how¬ 


ever. may he as much as lo per cent in determinamons at rest. To this analytic 
error a physiologic variation oi the minute volume at two digerent investi- 
gauons in the same snhjeet must 'oe added. The deternnnation oi cardiac out¬ 
put is, therefore, of limited value in evaluating the result of a valvulotomy. 
Only if the increase is more than 35 per cent may it he ascribed to the opera- 
mom 


Fttrthermore it is dimcnlt to compare the cardiac output at rest and dur¬ 
ing egort. If the pament at rest is anxious for a str.auge investigation a oou- 
sderahle increase of t'ne cardiac output may result. Later on, when the pa- 
meut is concentrating on limited vrork the cardiac outpnt may have decreased. 
This decrease then cannot he aserihed to the exercise. Investigation dnring 
hasal conditions is most important, Still, it is dimcnlt to compare cardiac out¬ 
put at digerent occasions in the same suhieet, 

Tfu Arfers-UYnous Orjipen Dipcresice,—^The artexiovenous oxygen diger- 
ence is a more reliable test of an adequate circulation. On two conseentive 
aeterminations in seven snhiec-ts with an interval of twenty to thirty minutes 
a standard deviauvon oi 5.6 per cent was found in digerences averaging S5 ml. 
per liter CVTerko. Berseus. and Lagerloi. 1R491. The technical errors wiB play 
a lesser role in eases with a higher arteriovenons oxygen digerence. Values 
exceeding o6 ml. per liter at rest and 69 ml. per liter on egort are regarded as 
pathologic <Hick.am and Cargill. 3P4-S; Biley and his associates. l^R-IS: and 
Dexter and his associates, 19531. 

In eases of mitral stenosis grouped according to the New York Heart 
Associa tion the following valnes were found {EliascE 19521: 


syctn Hcispit.iI, Scrtreon-Stt-cMei 

Jor ptitlicstipp CC.'lSSS. 


Ptwfesscr C. CraJoLit'a. 
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The pulmonary capillary pressure curve is of no conclusive help in the 
determination of the degree of mitral insufficiency complicating the stenosis. 

The determination of the degree of complicating insufficiency before as 
well as after the vahuilotomy is of utmost importance. Several laboratories 
are working on a technique for direct measurements in the left auricle along 
the following lines: 1. Retrograde catheterization from the aorta is tecluii- 
cally impossible in most instances. 2. Introducing a needle directly into the left 
auricle through the anterior chest wall via the ventricle is feasible in dogs. 
3. Direct puncture of the left auricle through the left main bronchus during 
bronchoscopj’ has been reported in ten cases. 4. I have used a method in which 
I introduce a needle paravertelirally directly into the left auricle from the 
right side.® Simultaneous pressure measurement in the pulmonary capillaries 
and left auricle shows that the pressui'e curve in the pulmonary eapillaries 
closely reflects the pulse pattern in the left auricle in many eases (Fig. 1). 
The left auricular pressure eiu-ve seems, however, to have a more typical 
pattern in stenosis and insufficiency. We therefore hope that the left auricu¬ 
lar pressure curve maj"^ be of help in evaluating the degree of insufficiency 
complicating a case of mitral stenosis. 

The pulmonary capillary pressure is normal in cases of chronic pulmonary 
disease in spite of a high pressure in the pulmonary artery. A normal capil¬ 
lary pressure and a high pulmonary arterial pressure are also found in cases 
of Eisenmenger complex, that is tetralogy of Fallot without the pulmonary 
stenosis. 

Haraig the patient breathe a gas mixture of about 10 per cent oxygen 
may produce symptoms and ECG changes in cases with coronary insufficiency. 

The exercise test was introduced to measure the relationship between the 
pulmonary ventilation and gas exchange at rest and during exercise. Normal 
individuals show an increase in the oxygen uptake per liter of ventilation dur¬ 
ing effort. In patients with a mechanical obstruction to blood flow in the pul¬ 
monary artery, that is a pulmonic stenosis, the obstruction prevents a propor¬ 
tionate increase in pulmonary blood flow. The oxygen uptake per liter venti¬ 
lation will therefore decrease during exercise (Bing). In Bing’s experience 80 
per cent of aU patients with pulmonic stenosis showed a fall in the oxygen con¬ 
sumed per liter of ventilation. The A'alue of ox 5 ’^gen consumed also fell in most 
patients with complete transposition of the great vessels. 

PULAIONARY FUNCTION 

The main function of the lungs is a continuous exchange of oxygen and 
carbon dioxide between the alveoli and the pulmonary capillaries. The result 
of this gas exchange ivill immediately be visible in the oxygen and carbon 
dioxide tension of the arterial blood (provided cardiovascular anomalies can 
he excluded). Therefore an investigation of the arterial oxvgen and carbon 
di^e tension is important in the determination of the pulmonary function 

Strom? in-Aunala of S.cruery (Bjork. Alalm- 


68 


THE JOURNAL OF THORACIC SURGERY 


ARTERIOVENOUS 

__ NO. 0. difference 

I. No symptoms ^ ^ ~ ^- 

II. No sjTnptoms at rest I 23 38.0 ± 1 42 

Moderate symptoms on efiEort J 

III. No symptoms at rest 22 52.6 ± 1.79 

Pronounced symptoms on effort 

_ IV. Symptoms at rest _ 9 59 9 + 3 47 

Calculation of Shunts. —Calculation of the blood flotr through the aorta and 
pulmonary artery and through the different shunts according to Dexter and 
Bing in cases of congenital malformations of the heart and big vessels will 
only give approximations of a veiy limited clinical value. 

Pressure Measurements. —Pressure measurements are of the highest clinical 
importance. In cases with septal defects and pulmonaiy stenosis pressure meas¬ 
urements are of determining diagnostic value. Cases of mitral stenosis ma}^ be 
grouped according to the pressure in tlie pulmonary artery at rest and during 
effort. Such a classification is more objective and probabl}’’ of more value than 
the one by the New York Heart Association. 

A mean pressure of more than 6 mm. Hg in the right auiicle is considered 
a sign of right heart failure. 

IMean pressures exceeding 20 mm. Hg in the pulmonaiy artery are regarded 
as pathologic. 

Eegarding the pulmonary capillary pressure many unsolved problems re¬ 
main. Dog e.xperiments performed by Dexter suggest that the capillary pressure 
is almost identical to the pressure in the pulmonary veins. In cases with a high 
pressure in the pulmonary artery, however, this pressure may influence the capil¬ 
lary pressure to a certain degree. Therefore, it is not possible to decide with 
certainty from the form of the capillary pressure curve if a s.vstolic pressure 
rise in a case of mitral stenosis with sinus rh.vthm is due to mitral regurgitation 
or a transmission of the pulmonary arterial pressure wave or to a summation 
of both factors. 

The pulmonary eapillar.v pressure curve does not help us to e\'aluate the 
degree of insufficienc.v complicating tlie mitral stenosis. 

The pulmonary vascular resistance is calculated as follows: 

Pulmonary arterial mean - capillary mean pressure ^ ^ Values exceed- 
Cardiac output ml. per second 

ing 200 units are eonsidered pathologic. The degree of pulmonary arteriolar 
resistance will express the change in the djmamics of the lesser circulation due 
to the mitral stenosis and causing the clinical sjmiptoms. 

During the progressive course of a mitral stenosis an increased pulmonary 
arteriolar resistance is developed. This increased resistance will prevent the 
right A'entricle from pumping more blood into the lungs than the left heart 
can handle, thus preventing pulmonary edema. 

How much pressure measurements and arteriolar resistance determina¬ 
tions Avill influence the indications for surgery can only be .shoivn by future 
experience. 
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of patients. The following three functions are important factors in the gas 
exchange in the lungs. See Fig. 2, 

(1) Ventilation, (2) Diffusion, and (3) CirmUation—these three functions 
null be discussed separatel 3 ^ The result of the gas exchange, however, is vis¬ 
ible in the arterial oxygen and carbon dioxide tension. 



Fig. 2.—Diagram of tlie pulmonao" function. The result of tlie gas exchange is visible in the 
arterial oxygen and carbon dioxide tensions. 


To evaluate smaller variations in the oxj^gen contents of arterial blood 
the oxygen tension has to be determined. In 1951, Comroe mrote that blood 
leaves hj^perventilated alveoli rvith practicallj^ no increase above normal ar¬ 
terial oxygen content. This opinion is based on investigations of the oxygen 
saturation according to Van Slyke and Neill. Therefore, it was most interest¬ 
ing to find a pronounced increase of the arterial pOj during hyperventilation. 
In healthy indmduals there was an increase of PO 2 from 86 to 109 mm. Hg 
during hj^perventilation while the oxygen saturation did not show any signifi¬ 
cant increase, see Table I. As such a pronounced increase in arterial oxygen 
tension is found during voluntary hyperventilation in healthy individuals, 
patients with pulmonai-jT disease are now investigated in the same manner. It 
has been found so far that patients with no pulmonary reseiwe cannot increase 
their arterial oxj^gen tension during thirty seconds of hyperventilation. I 
therefore believe that the increase of arterial oxj'^gen tension during vol¬ 
untary hjqrerventilation is a good expression for the pulmonary reserve. 


Table I, The Ixflvexce of Hyperventilatiox ox Arterial Oxygex Texsiox (pO.) axd 
Saturation (%0:) in He.althy Individuals ' 



XO. OF 1 
CASES 

pO: MM. Hg 

XO. OF 
CASES 

% 0. 

Rest 

29 

86 ± 1.1 

27 

94.0 + 0 4 


Difterence 


21 


109 ± 1.6 
23 ± 2.0 
P< 0.001 


15 


94.3 ± 1.0 
0.3 ± 1.1 
P > 0.05 
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'SYe use the technique of Riley, Proemmel, and Fi-anke. The error of 
the method has been estimated by double determinations to 1. < mm. Hg or 

2.5 per cent of the average when single determuiatioiis are made, and to 1.2 
mm. Hg or 1.8 per cent of the average when double determinations are per¬ 
formed. 

Normal yfl/Hcs.-Twenty-nine healthy individuals have been examined. 
The mean value of arterial p02 was: 86.3 ± 1.08 mm. Hg (S.D. = 5.8; range 

71.5 - 100.1 mm, Hg). Values below 70 nun. Hg are considered pathologic. 
(Mean value - 3 x S.D. = 68.9 mm. Hg.) Then an oxygenating insufficiency 
is diagnosed j)rovided a right to left shunt can be excluded. 

A patient with an oxygenatmg insufficiency has no cardiorespiratory re¬ 
serve. Stdl, he may perfoi'm a limited amount of work. 

Smaller and localized changes in the lungs will not decrease the arterial 
pOj. Even patients with more pronounced pulmonary disease as well as pa¬ 
tients who have had a pneumonectomy may have a normal arterial pOs, pro- 
mded the remaining lung tissue has a normal function. 

It has been suggested (Comroe) that in borderline cases with a small car¬ 
diorespiratory reserve an oxygenating insufficiency should be more pronounced 
during effort. This has, however, not been the case in 29 normal persons and 
108 patients with pidmonary disease where the arterial pOj has been investi¬ 
gated at rest and during effort. 

1. In normal cases no difference is foxind in the arterial pOj at rest and 
during effort, see Table IH. 


Table m. Oxtge.v Texsiox (pO.) at Best axd Durixg Effort ix Healthy Ixoiyiduais 



xo. 

^tEAX 

S.D. 

pO, at rest 

29 

S 6.3 ± 1 . 0 s 


pO, during effort 

19 

S 0.4 ± 1 . 6 S 

7.3 


2. No decrease is foixnd in the arterial pO. during effort in a group of 
thu-ty-four eases with oxygenating insufficiencv at rest (pO. rest < 65 mm 

Hg). PO 2 rest < 65 mm. Hg; n = 34; _ 

o. No decrease in arterial pOs during effort is fonnd; either the maximal 
breathing capacity (ilBG) is high or low, see Table IV. 


Table IV. Difference Betweex the Arterial Oxygex Texsiox (pO.) During 

Effort axd at Eest 


MEX 

-- 

1 XO. 1 

DIFFERENCE pO; EFFORT 

- pO. KEST 

= 

HBC > 
HBC < 

95 

56 

25 

19 

-0.3 ± 1.9; P > 
-7.6 ± 4.4; P > 

0.05 

0.05 



4. If the ventilatory reserve (100 - ventilatio n during effort x 1001 

IS high no correlation is found with the arterial po! dSi^^efforr'^I?cases 
until a very low ventilatory reserve « 50 per cent), however, a tendency to 
deci eased arterial pO, during effort is noticed (0.05 > P > 0.01) see Table V 
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The explanation of the big- diiference in the oxygen saturation and the 
oxygen tension determinations is to be found in tlie dissociation curve of the 
oxyhemoglobin which is very flat at high tensions. See Fig. 3. 

Variations in the amount of phj’-sically dissolved oxygen -svill hardly be 
detected by the saturation method but a significant difference will be found 
in the oxygen tension. 



Fig. 3. Diagram of tlie oxylieinoglobin dissociation curve, wliicli is very flat at liigli tensions. 

The sensitivity of the oxygen tension method is clearly demonstrated dur¬ 
ing heart catheterization. Blood was withdrawn from the ptilmonary capil¬ 
laries in sixteen patients and the mean pOe was 104.8 mm. Hg at the same 
time when blood from the brachial artery showed a mean pO- of only 77.G mm. 
Hg. At the oxygen saturation determination no significant difference was 
found, see Table 11. 


Table II. A Comparisox Between- Arterial Oxycek Tension- (pO.) anp saturation (%0.) 
IN Brachial Artery and Pulmonary Capillaries in 6 Patients 



pO; MM. Ho 

% 0, 

Brachial artery 

SGA 

‘13.4 

Pulmonary capillaries 

105.S 

94.Z 


This high pOs value may be used to test whether or not the catheter is 
in the correct position for reading the pulmonary cajiillary pi-essnre (llalm- 
strom and Miehas). 

The following factors contribute to the very high pO- found in the pul¬ 
monary capillaries: 1. The slow Avithdrawal of blood from the pulmonary 
capillaries will provide a longer equilibration time between alveoli and the cap¬ 
illaries. 2. As the circulation to this area is obstructed by the catheter. pO^ 
in these alveoli will be higher than in the surrounding lung parenchyma. 3. 
The bronchial veins draining into the pulmonary veins will decrease pO- in 
the brachial artery compared to pO- in the pulmonary capillaries. 

It is difficult to estimate the physiologic value of oxygen tension deter¬ 
minations in the pulmonary capillary blood as the two first mentioned factors 
are artefacts. 

Prom this comparison of oxygen saturation and oxygen tension during 
hyperventilation and in pulmonaiw capillary blood, it is evident that only the 
oxygen tension of arterial blood is of value as a test of pulmonary function. 
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CO 2 content maj' be high or low in either alkalosis or acidosis, measurements 
of pH should always be performed to difEerentiate between these conditions. 

Pulmonary insufficiency for CO 2 elimination is always accompanied by 
pulmonary insufficiency for oxygen uptake. On the other hand, the carbon 
dioxide content may be normal or low at times when an oxygenation insuffi¬ 
ciency is present. 

A normal arterial CO 2 content, therefore, does not exclude a very small 
pulmonary reserve. Then a hyperventilation of the alveoli will prevent the 
arterial CO 2 content to rise. 

The arterial CO 2 content is higher in eases with an oxygenating insuffi¬ 
ciency than in cases with arterial PO 2 > 80 mm. Hg; see Table Vm. 


Table wrTT. Cojifakisox of Aetekial avRBOX Dioxide Content in Cases With High and 

Low Arterial Oxygen Tension 



1 NO. 

1 pCO, MM. Hg I 

xo. 

1 VOL. % CO- 

pO. > 80 

32 

37.6 ± 1.0 

22 

44.9 ± O.S 

pO. < 65 

34 

44.5 ± 1.6 

24 

4S.1 ± 1.2 

Difference 


6.9 ± 2.2 


3.2 ± 1.4 



0.01 > P > 0.001 


0.05 > P > 0.01 


In cases ivith a high residual capacity and a low maximal breathing ca¬ 
pacity no significant increased arterial CO 2 content was found although it 
ivas high in a few' cases. 

No significant change of the aiierial CO 2 content during effort was found 
either in normal persons nor in patients with oxygenating insufficiency. 

In cases with a decrease of the arterial p02 > 10 mm. Hg during effort 
an increased arterial PCO 2 w'as found. On the other hand, cases with an in¬ 
crease of arterial PO 2 > 7.5 mm. during effort showed a decreased pCOo at 
the same time, see Table IN. It is therefore evident that the influence of effort 
on the arterial CO 2 content is dependent on the degree of hyperventilation. 


Table IX Comp.irison Between Influence op Effort on ArterUl C.arbon Dioxide 
Content in Cases With Decrease and Increase of Arterial pO, During Effort 


DIFFERENCE 1 

EFFORT - REST 

NO. ^ 

1 DIFFERENCE 
EFFORT _ REST 

1 pCO- MM. Hg 

NO. 

1 DIFFERENCE 

EFFORT - REST 

1 VOL. % CO, 

pOz >• — 10 mm.Hg 

26 

6.4 ± 2.4 

24 

-2.5 ± 1.5 

pO. ]> -h 7.5 mm.Hg 

22 

- 5.0 ± 2.4 

14 

-3.7 ± 1.2 


Bronclwspiromeiry .—^Bronchospirometiy will give information about the 
oxygen uptake and ventilation of each lung separately. According to Bjork- 
man 54 to 55 per cent of the oxygen uptake and ventilation occurs in the right 
lung in healthy indhiduals. The diminished oxygen uptake of the left lung 
IS partly considered to be due to a longer left main bronchus. Baldwin and 
his associates consider the share of the right lung in oxygen uptake to varv 
from 50 to 65 per cent. 

The diseased lung ivill show a relatively better function breathing 100 
per cent oxygen, compared to the function when air is used. 



74 


THE JOURNAL OF THORACIC SURGERY 


table V. Comparison Between Influence op Effort on Arterial Oxygen Tension in 
Cases With High and With Low Ventilatory Eeserve (100 - MV Effort/MBC) 




1 NO. 

1 DIFFERENCE pO; EFFORT - pO. REST 

100 

100 

- MV e£Eort/MBC > 70% 

- MV effort/MBC < 50% 

47 

23 

0.002 ± 1.2; P > 0.05 
-7.4 ± 2.S; 0.05 > P > 0.01 


5. No decrease of the arterial pOa during effort was found; either the re¬ 
sidual capacity was •< 30 per cent or > 35 per cent of the total capacitj*. 

It can therefore be concluded that during effort no significant change of 
the arterial pOo is found; either the pulmonary reserve is good or bad. The 
explanation to this finding is that the patients by a hyperventilation during 
effort can keep the arterial p02 at a fairly constant level. This hyperventila¬ 
tion is more pronounced in patients with a small pulmonary reserve. 

The Carbon Dioxide Content of Arterial Blood .—The determination of the 
ai-terial p02 according to Eiley and his co-workers is not superior to the mano- 
metric method of Van Slyke and Neill. Similar differences in the CO 2 content 
of arterial and pulmonary capillary blood were found at heart catheterization 
of six patients, see Table VI. 


Table VI. Comparison Betvh;en Carbon Dioxide Content in Brachial Artery and in 
Pulmonary Capillaries in 6 Patients 



pCO. MM. Hg 

VOL. % CO. 

Bracliial artery 

35.0 

45.4 

Pulnionari- capillaries 

25.9 

40.0 


The verj' low CO 2 content in the pulmonary capillary blood must be ascribed 
an equilibration to ventilated, but not perfused, alveoli due to the occlusion 
of the heart catheter. 

Also during hyperventilation similar differences of the CO 2 content are 
found by the two methods, see Table '^TI. 


Table VII. Influence of Hypek\h;ntilation on Arterial Carbon Dioxide Content 
Studied in Healthy Indwiddals 



( NO. 

1 pCO; MM. Hg I 

NO. 1 

[ VOL. % 

GO, 

Kest 

29 

35.0 ± 1.44 

20 

46.S ± 

0.73 

Hyperventilation 

Difference 

21 

16.4 ± 1.71 

1S.6 ± 2.24 

14 

36.1 ± 
10.7 ± 

0.73 

1.03 


P < 0.001 


A 

.001 


These findings clearly demonstrate the importance of taking the sample 
when the arterial needle has been in place for some time and the patient is 
breathing quietly. 

The arterial CO 2 content in twenty-nine healthy indhdduals was found to 
be 35.0 +1.44 mm. Hg pCOo, or 46.8 ± 0.73 volume per cent CO 2 . 

High arterial CO 2 content does not necessarily mean an insufficient COj 
elimination. It may be due to primaiw chloride loss with compensatory reten¬ 
tion of CO 2 as bicarbonate, that is alkalosis. If the arterial 00= content is 
elevated and the pH is decreased this indicates that the lungs can no longer 
eliminate CO 2 adequately and respiratory acidosis has occurred. As the blood 
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An extrapleural pneumothorax on the other hand uHl cause only a slight 
impairment of the function compared to an intrapleural pneumothorax. After 
a lobectomy about one-third of the total function udll remain on the operated 
side. A segmental resection may not cause a significant decrease of pulmonary 
function. Decortication may improve the pulmonary function considerably. 

Ventilation.—There has been a certain confusion regarding the terminol¬ 
ogy of the Irmg voliune and its various subdimsions. A committee of respira¬ 
tory physiologists has agreed upon the follouniig terminology and definitions. 
See Fig. 4. 

Vital capacity is the maximal volume of gas that can be expelled from the 
lungs by forceful effort following a maximal inspiration. This is the oldest 
lung function test. Volume is measured unrelated to tune. It is an adequate 
measure of ventilation only if the outflow of air from the lungs is unimpeded. 
There is no correlation of vital capacity to emphysema or bronchial obstruc¬ 
tion. The patient may have oxygenating insufficiency and a normal ffital ca- 
paeitj'. It is important to eliminate such an unsuitable test. A much more 
valuable test of ventilation is the maximum breathing capacity where volume 
per rmit of time is measured. 

Iilaximmn breathing capacity is defined as the maximum volume of gas 
that can be breathed per minute. Usually the expiratory air during a 15 sec¬ 
ond period is measured. The best result is obtained at a respuation of between 
40 to 70 per minute. Kormal values for the maximal breathing capacity 
(5IBC) vary somewhat in different laboratories with the resistance to breath- 
uig in the different spirometers used. In our laboratory healthy individuals 
from 14 to 62 years of age (mean 28.3 years) showed the folio-wing values (see 
Table X). 


Table X. Kokaial Val-oes for ilAxiMAi Breathing C.apacitt (AEBC). Aged 14 to 62 



1 ^ 0 . 1 

ilEAN 

1 S.D. 1 

[ RANGE 

AIBC men 

18 

127 ± 7.5 

31.8 

80-188 L./min. 

SIBG ivomen 

11 

102 ± 4.9 

16.2 

82-130 L./min. 


Healthy men between 50 to 70 years of age have a iilBC of 60 to 140 liter’s 
per minute (mean 90) and healthy women in this older age group have an 
JIBC of 50 to 100 liters per minute (mean 73,5) (Comroe). 

jMBC is usualy low in cases with emphysema due to the diminished elastic¬ 
ity and due to the extreme inspiratory position of the chest. If the SIBC is 
compared to the arterial oxygen tension at rest a significant correlation is 
foirnd in men (82 men, corr. coeff. 0.62 + 0.07 P < 0.001) as well as in women 
(52 women, corr. coeff. 0.60 ± 0.086, P < 0.001). See Pig. 5. 

If then the arterial oxygen tension in men irith ilBC > 95 liters per 
minute is compared to the arterial oxygen tension in men with jMBC < 56 
liters per minute a statistically significant decrease is found in the later e-roun 
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If bionchospii’ometry is performed in the lateral position the oxygen up¬ 
take for the lower lung is increased. This is probably due to an increased 
blood floAY through the lower lung and as Avell to an increased ventilation of 
the lower lung. This increased ventilation of the lower lung is due to the high 
position in the thorax of the lower diaphragm which has an extreme expiratory 
position facilitating a big inspiratory excursion. 

This finding is constant and may be used as a function test (Steinman). 
If the diseased lung during bronchospirometry does not increase its oxygen 
uptake when the patient is in a lateral position with the diseased lung lower¬ 
most, this is considered to show a very small reserve function of the lung. 

It is difficult to draw any conclusion from the absolute value of a lung’s 
oxygen uptake per minute during bronchospirometry as the cardiac output 
may increase up to 50 per cent during the examination. 



Fiff. 4.—The terminology of tlie lung volume and its various subdivisions. 


Bronchospirometry during effort has been studied by Bjorkman and Car- 
lens. No further information is to be gained by this investigation as the share 
of the oxygen uptake by both lungs is the same at rest and during effort. 

Changes in the pulmonary parenchyma and the bronchi as well as changes 
of the pleura decrease the function. In cases of unilateral parenehjnnal dis¬ 
ease it is mainly the oxygen uptake irhieh is diminished. In these eases the 
ventilation is never decreased to the same degree as the oxygen uptake. It 
may be possible to find cases with a pronounced decrease of the oxygen uptake 
of one lung at the same time that the ventilation is normal. 

Bronchospirometry is the only method for studjfing the change in func¬ 
tion of the operated lung and the compensatory change of the contralateral 

lung. _ _ 

Tlii’ougli bronchospirometric investigations "vve liai’e fonnd a tremendous 
loss of function due to pleural disease. When an intrapleural pneumothorax 
is abandoned the re-expansion is often slight; it is mainl}’ a shift of the medi¬ 
astinum, an elevation of the diaphragm, and narrowing of the ribs that dimin¬ 
ishes the pneumothorax space. 
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Avithout any value. In this ratio only the MBC will show any variation. The 
test Avill therefore give no further information apart from the MBC. In an 
investigation of seventy-three patients no correlation was found betwewi the 
arterial oxygen tension and the ratio minute ventilation at rest/MBC, see 

Fig. 6. 


80 


/00-/^{^£C % . 


7o\ 

6d 

so 

4o 

30- 

20 

/o 


s 


Ml7 




^Amc 






* ' 'O —■■■ 




20 

30 

AO 

50 

60 

70 

80 

90 


SO 60 yo 80 90 


/Jttefia/ c>xijge/7 ienstoo mmA. 


Fig. 6.—No correlation is found between * the arterial oxygen tension and the ratio 
minute ventilation (MV) ^athing capacity. On the other hand a signifi¬ 
cant correlation is found : .• : *»•• . oxygen tension at rest and the ratio minute 

ventilation during effort/m * • *. pacity. 


In spite of a sincere desire to diminish the amount of pulmonary function 
tests Ave have introduced a ucav term, ventilatory reserve, calculated from the 
minute ventilation during effort (300 kilogram per minnte on a bicycle ergom- 

^ Minute ventilation during effort x 100 

eter). Ventilatory reserve = 100-^-~MBC-- 

The A^entilatory reserve Avas ealctdated from nineteen healthy individuals to 
77 + 1.4 = S.D. = 6.2; range = 86.5 to 65.5 per cent. Ventilatory reserve of 
less than 55 per cent is considered pathologic. The correlation hetAveen the 
A^entilatory reserve and the MBC in men is good and the folloAving values were 
obtained, see Table XII. The correlation betAveen the arterial oxygen tension 
and the ventilatory reserve is also good. See Fig. 5, which shoAvs the regres¬ 
sion equation. 


Table XII. Compaeison of Ventilatory Reserve (100 - MV Effort/MBC) and Arterial 
O-XYGEN Tension in Men With High and Low MBC 


MEN 

1 

NO. 

1 lOO-MV EFFORT/MBC | 

NO. 

1 pO. MM. HG 

MSG "]> 915 
MBC < oG 
Difference 

D./min. 

L./min. 

23 

17 

77 ± 3.0% 

41.4 ± 4.9% 

36.6 ± 5.7 

P < 0.001 

25 

19 

79.1 ± 1.6 

65.1 ± 2.3 

14.0 ± 2.8 

P < 0.001 
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table XE. Comp^vrison’ of Arterial Oxygen Tension in Men With High and Loir MBC 


MEN 

NO. 


pO; MM. 

Hg 

M^C > 95 L./min. 

25 

79.1 

+ 1.6 


MBC < 5G L./min, 

19 

65.1 

+ 2.3 


Difference 


14.0 

± 2.S P 

< 0.001 


Thus a significant correlation between the JIBC and the oxygenating 
function of the lungs has been found. These findings demonstrate the im¬ 
portance of MBC as a lung function test. 



fjrleriaf oxygen ^nsion 


Pig. 5.—A significant correlation is found beUveen the maximal breathing capacity and tlie 

arterial oxygen tension at rest. 


Ventilatory reseiwe has earlier been defined as MBC minus minute ventila¬ 
tion at rest (Cournand and Eicliards). The breathing reserve index is: 
ilBC - minute ventilation at rest 
-MBC- 

Ornstein and his associates have calculated the breathing reserve from the 

ratio -MBC_- Onlj'^ AVarring has earlier correlated the 

minute ventilation at rest' ... 

minute ventilation during walking to lilBC as an expression for the breatliing 
reserve. 

It is, however, eiddent that the minute ventilation during rest is fairly 
constant; either the ventilation is good or bad. Therefore, these calculations 
of the breathing reserve in which the minute ventilation at rest is used are 
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^vithoBt any value. In this ratio only the ilBC ^vill shov any variation. The 
test v-ill therefore give no further information apart from the iIBC. In an 
investigation of seventv-three patients no correlation Avas found betAveen the 
arterial oxygen tension and the ratio minute ventilation at rest/MBC. see 
Pig. 6. 



Fj& 6.—Xo correlation is found between the arterial o\\gen tension and the ratio 
minute \entilation (MA") at rest/maximum breathing’ capacity. On the other hand a signifi¬ 
cant correlation is found bet\^een the arterial o\>gen tension at rest and the ratio minute 
^entllatlon during effort/maximal breathing capacity. 


In spite of a sincere desii-e to dimmish the amoAint of pulmonary function 
tests Ave haA'C introduced a ucaa" term, veniilaiory reserve, calculated fi'om the 
minute A-entilation during effort (300 kilogram per minute on a bicycle ergom- 


i N -s- ... r,n Slinute veutUatiou during effort x 100 

eter). \ entuatory reserve = 100-^- 

The A'entilatoiy reserve Avas calculated from nineteen healthy individuals to 


77 ± 1.4 = S.D. — 6.2; range = 86.5 to 65.5 per cent. Ventilatory reserve of 
less than 55 per cent is considered pathologic. The correlation betAveen the 
A'entilatory resei-A-e and the MBC in men is good and the foUoAAring A'alues Avere 
obtained, see Table XU. The correlation betAveen the arterial oxygen tension 
and the ventilatory reserve is also good. See Fig. 5, which shoAvs the regres¬ 
sion equation. 


Table Xn. COiiPAWsox of Vexthatort Reserve (100 - W Effort/IIBC) and Af.terial 
O xYGEx Tension in JIen AATth High .and Loav MBC 


_ AtEN 

MBC > 95 L /min, 
MBC <( 50 L./min. 
Difference 


100-AtV EFFORT/ilBC 
77 ± 

•tl.4 ± l.gvj 
36.G ± 0.7 

P < 0.001 


PO; ilil. 

79.1 i 1.6 

65.1 = 2.3 
14.0 ± 2.S 
P < 0.001 
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table XI. Comparison of Arterial Oxygen Tension in Men With High and Lovt MBC 


MEK 

ICO. 

pO. MM. Hg 

MHC > 95 L./niin. 

25 

79.1 + 1.6 ■ 

MBC 56 L./min. 

19 

65.1 + 2.3 

Difference 


11.0 ±2.8 P < 0.001 


Thus a significant correlation between the MBC and the oxygenating 
function of the lungs has been found. These findings demonstrate the im¬ 
portance of MBC as a lung function test. 



/Jrie/'/a/ ax^^e/?/e/>s/iv? 


pjg-, 5 ,—X significant correlation is found between the maximal breathing capacity and the 

arterial oxygen tension at rest. 


Yentilatoiy reserve has earlier been defined as iMBC minus minute ventila¬ 
tion at rest (Cournand and Eichai-ds). The breathing reserve index is; 
ilBC - minute ventilation at rest 
-MBC- 

Ornstein and his associates have calculated the breathing reserve from the 

ratio -MBC_-^ Only Warring has earlier correlated the 

minute ventilation at rest 

minute ventilation during walking to klBC as an expression for the breathing 
reserve. 

It is, however, evident that the minute ventilation during rest is fairly 
constant; either the ventilation is good or bad. Therefore, these calculations 
of the breathing I'eserve in which the minute ventilation at rest is used are 
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Fiirtlierinore some of the alveoli mar have a poor ventilation. In viev of these 
t-ivo facts it is highly probable that the difference in pO, in the alveoli and 
the pulmonary capillaries is very small indeed. Alveoli in different parts of 
the lung are ventilated differently. At rest there is probably a great vari¬ 
ation of blood flov- through different parts of the lung. It is probable that 
part of the pulmonary capillaries are not perfused -n-hen not needed. To test 
the diffusion the patient is breathing 100 per cent oxygen for ten to fifteen 
minutes. Provided no shunt exists the arterial blood should be fully saturated 
rrith oxygen vhen the diffusion is adequate. If the arterial blood then is un¬ 
saturated this may be due to diffusion impaiiTnent. 

The Pulmonary Circulation .—In the pulmonary circulation the vascular 
resistance is relatively low at a high flow. The circulation time is, therefore, 
short. It will only take about two seconds for blood from the right venti’icle 
to reach the pulmonary capillaries and about the same time to return to the 
left auricle. At rest the blood is passing the pulmonaiy capfilaries in three- 
fourths of one second and dui'ing effort in only one-third of a second (Eoughton, 
1945). 

The pulmonary arterial resistance is calculated in u n its: 

Pulmonary artery pressure - pulmonary capillary pressure XormaUv the 
Cardiac oirtprrt ml./secoud 

pulmonary capillary pressure is less than one-half the capillary pressure in the 
systemic circulation. Therefore, a considerable safety margin against pulmo¬ 
nary edema exists. 

In advanced cases of pulmonary disease emphysema and pulmonary fibro¬ 
sis may cause a right heart failure, also called “cor pulmonale.” It has been 
asstuned that the destnretron of the pulmonary capillaries in the lung should 
be the cause of the increased vascular resistance. If this were the case, the 
pulmonary capillary pressure should increase as well. In eighteen cases with 
pronormced pulmonary emphysema and fibrosis, however, Dexter found a nor¬ 
mal pulmonary capillary pressure in spite of an increased pulmonary arterial 
pressuT'e. The arteriolar resistance in the lung could be increased up to more 
than twenty times the normal value. In cases with an increased prrlmonary 
arteriolar resistance a decreased cardiac output and an increased arteriove¬ 
nous oxygen difference was formd. The impairment of circulation in cases with 
advanced pulmonary disease is, therefore, considered to be related to the re¬ 
sistance to blood flow thr'ough the pulmonary arteriole (Dexter). On the other 
hand, Dexter did not find any correlation with the pulmonary arteriolar resist¬ 
ance and the maximal breathing capacity, the rital capacity, and the residual 
air. 


In cases with chronic diseases carrsing a considerable redirction of the vas- 
cirlar bed and an increased prrlmonary arterial pressure with a low cardiac 
orrtput the prognosis is considered poor. In healthy indiridnals Coirrnand and 
hrs co-workers consider the cardiac outpirt at rest may increase up to niore 

'tSl pr'i ."r d;' 7'” increase in pnin.onarv ar. 

- pulnronarv arterial pressirVe is 

lorrnd be wrthin normal limits in spite of a very advanced puhnonarv disease 
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Tin; .TOUKNAIi OK TIIOUACIO SUKOKUY 


lusidunt Air. 'I ho rcsidniil oapncify is iJio volunio of yus Tciiiiiiiiiiig' iii (Iio 
)nii<is ill tlio Olid of 11 iiiiixiiiiid oxpiratioii. Viiluos of nioi'o lliiin 35 ])oi' ceiil 
of liio lulnl ]iiii» voliinio aro ooiisidcvod pnlholoj^ie (Uiralli). In nornial oases 
tlio vahios aro roliahlo and dnplioalo rcsidiinl air values oJ'lon ehcok williin 3 
per oonl. In ])a1ionls v-ilh omphysoina and an nnoven inlrapnlnionary niixiiip: 
flio inothod is loss jirooiso. An inoroased residual oaiiaoily is caused by hypor- 
indatioii ol Ihe liiiif,'- and may hi' duo lo; (I) Iriio oinpliy.’iciii/i, fcariiifr of Iho 
alveolar sojita, and roduolion in inilnionary cipiillary bed; (2) obstruolion to 
flio airway, lhat is asflnna; (3) oonipeiisafory ovoriiinalion of llio luiif? follow¬ 
ing!: rosootion ol hin;! tissue; (4) doforinil.v of Ibo thorax; (5) dcoroasod elas- 
tioity ol the lunp in the older age grou)); ((!) fibrosis and congesiive hearl 
failure. 

In our eases with inereased residual ea'iiaeily we have found a deereased 
arterial oxygen tension (ox,vgenating insuflieieney) and a deereased ventila¬ 
tory resoiu'e (ventilatory insnlYieieney). 

An uneven distribution of the re.spiralory air with underventilation of the 
alveoli and hyperventilation of others may, depending upon the distribution of 
the luilmonary eapillary blood flow lead lo an oxygenating insiifti(!icii(;,y. A 
comparably .simple lest of the intrapulmonar.v gas mixing has been devised b.v 
Cournand and his eo-workers. 'I'he ])aliont breathes ox.vgen for seven miii- 
ules and at the end of this jioriod an alveolar gas -sample is analyzed for nitro¬ 
gen eoneentration whieh in normal ea.ses nia.v not exeeed 2.5 per cent nitrogen. 
If the in.sjiired ox.vgen is evenly di.sfributed lo all alveoli a ver.v small amount 
of nitrogen remains after -seven minule.s. On the other hand, in badl.v venti¬ 
lated alveoli the nitrogen eoneentration remains high and will show an ahnor- 
mally high value of nitrogen in the final alveolar .sample after .seven minutes. 
'I'his test is indueneed by the lung volume, fhe elfeetive tidal volume, and the 
freipieney of breathing as well as by the distribution factor. 

In ea.ses with a small minute ventilation, too high a value ma.v he ob¬ 
tained. On the other hand, a loo low value may be obtained in eases with a 
jironouneed em[)h,v.sema due lo hypervonlilation. 'I'his .shows Ihe limitation 
of the method. 

A more sensitive method is to use a rapid gas anal.vzcr sueh as (he nitro¬ 
gen meter. In a group of jialienls 78 ])er ecu! wore found to have an abnor¬ 
mal intrapulmonar.v mixing by this sensitive method eomiiarcd to only 32 per 
eent when Ihe Cournand lest was used (Comroeand Fowler). 

Ify bronehospirometry the determination of ventilation of each lung sej)- 
arately is determined. 'I'he determination of the maximal diaphragmalieal 
movemenl.s will also give certain information of Ihe ventilation of each lung. 

Oxygen is going from the alveolus with a high pO, through 
the alveolar membrane to the eapillary where pO.. is lower. 'I'lic dilTcrenee in 
pO. on each side of Ihe alveolar membrane is less than 12 mm. Ifg (Cournand 
ami bis associates). In these determinations blood from the brachial artery 
has been \ised. It is. however, neee.ssary lo realize that some of the bronchial 
veins drain into the pulmonary veins thus decreasing pO.. in the arterial blood. 
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Furtlierniore some of tlie alveoli maj’' have a poor ventilation. In view of these 
two facts it is highly probable that the difference in p 02 in the alveoli and 
the pulmonary capillaries is very small indeed. Alveoli in different parts of 
the lung are ventilated differently. At rest there is probably a great vari¬ 
ation of blood floAv through different parts of the lung. It is probable that 
part of the pulmonary capillaries are not perfused when not needed. To test 
the diffusion the patient is breathing 100 per cent oxygen for ten to fifteen 
minutes. Provided no shunt exists the arterial blood should be fully saturated 
with oxygen when the diffusion is adequate. If the arterial blood then is un¬ 
saturated this may be due to diffusion impairment. 

The Pulmonary Circulation .—^In the pulmonarj’" circulation the vascular 
resistance is relatively low at a high flow. The circulation time is, therefore, 
short. It will only take about two seconds for blood from the right ventricle 
to reach the pulmonary capillaries and about the same time to return to the 
left auricle. At rest the blood is passing the pulmonary capillaries in three- 
fourths of one second and during effort in only one-third of a second (Eoughton, 
1945). 

The pulmonary arterial resistance is calculated in units: 

Pulmonary artery pressure - pulmonary capillary pressure Normally the 
Cardiac output ml./second 

pulmonary capillary pressure is less than one-half the capillary pressure in the 
systemic circulation. Therefore, a considerable safety margin against pulmo¬ 
nary edema exists. 

In advanced cases of pulmonary disease emphysema and pulmonary fibro¬ 
sis may cause a right heart failure, also called “cor pulmonale.” It has been 
assumed that the destruction of the pulmonary capillaries in the lung should 
be the cause of the increased vascular resistance. If this were the case, the 
pulmonary capillary pressure should increase as well. In eighteen cases "with 
pronounced pulmonary emphysema and fibrosis, however, Dexter found a nor¬ 
mal pulmonary capillary pressure in spite of an increased pulmonary arterial 
pressure. The arteriolar resistance in the lung could be increased up to more 
than twenty times the normal value. In cases ^vith an increased pulmonary 
arteriolar resistance a decreased cardiac output and an increased arteriove¬ 
nous oxygen difference was found. The impairment of circulation in eases with 
advanced pulmonarj^ disease is, therefore, considered to be related to the re¬ 
sistance to blood flow through the pulmonary arteriole (Dexter). On the other 
hand, Dexter did not find any correlation ivitli the pulmonary arteriolar resist¬ 
ance and the maximal breathing capacity, the vital capacity, and the residual 
air. 


In cases -with chronic diseases causing a considerable reduction of the vas¬ 
cular bed and an increased pulmonary arterial pressure with a low cardiac 
output the prognosis is considered poor. In healthy individuals Cournand and 
his co-workers consider the cardiac output at rest may increase up to more 
than three times this value udthout any significant increase in pulmonary ar 
to tins big margin the pulmonary arterfal pressure is 
found to be within normal limits in spite of a very advanced pulmona^drase 
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Bcsichtal The residual capacity is the volume of gas remaining in the 
lungs at the end of a maximal expiration. Values of more than 35 per cent 
of the total lung volume are eonsidered pathologic (Birath). In noimial cases 
the values are reliable and duplicate residual air values often check -within 3 
per cent. In patients until emphysema and an -uneven intrapulmonary mixing 
the method is less precise. An increased residual capacity is caused by hyper¬ 
inflation of the lung and may be due to: (1) true emphysema, tearing of the 
aBeolar septa, and reduction in pulmonary capillary bed; (2) obstruction to 
the airway, that is asthma; (3) compensatory overinflation of the lung follow¬ 
ing resection of lung tissue: (4) deformity of the thorax: (5) decreased elas¬ 
ticity of the lung in the older age group; (6) fibrosis and congestive heart 
failure. 

In our cases with increased residual capacity we have found a decreased 
arterial oxygen tension (oxygenating insufficiency) and a decreased ventila¬ 
tory reserve (ventilatory insufficiency). 

An uneven distribution of the respiratory air with underventilation of the 
alveoli and hyperventilation of others may. depending upon the distribution of 
the pulmonary capillary blood flow lead to an oxygenating insufficiency. A 
comparably simple test of the intrapulmonary gas mixing has been deffised by 
Cournand and his co-workers. The patient breathes oxygen for seven min¬ 
utes and at the end of this period an alveolar gas sample is analyzed for nitro¬ 
gen concentration which in normal cases may not exceed 2.5 per cent nitrogen. 
If the inspired oxygen is evenly distributed to all alveoli a very small amount 
of nitrogen remains after seven minutes. On the other hand, in badly venti¬ 
lated alveoli the nitrogen concentration remains high and -will show an abnor¬ 
mally high value of nitrogen in the final alveolar sample after seven minutes. 
This test is influenced by the lung volume, the effective tidal volume, and the 
frequency of breathing as well as by the distribution factor. 

In cases -\mth a small minute ventilation, too high a value may be ob¬ 
tained. On the other hand, a too low value may be obtained in eases vdth a 
pronounced emphysema due to hyperventilation. This shows the limitation 
of the method. 

A more sensitive method is to use a rapid gas analyzer such as the nitro¬ 
gen meter. In a group of patients 78 per cent were found to have an abnor¬ 
mal intrapulmonary mixing by this sensitive method compared to only 32 per 
cent when the Cournand test was used (Comroe and Fowler). 

By bronchospirometry the determination of ventilation of each hmg sep- 
aratelv is determined. The determination of the maximal diaphragmatieal 
also give certain information of the i entilation of each lung, 

BiFusioti.—Oxygen is going from the alveolus -«-ith a higli pO- through 
the alveolar membrane to the capillary where PO 2 is lower. The difference in 
pO- on each side of the alveolar membrane is less than 12 mm. Hg (Cournand 
and his associates). In these determinations blood from the brachial artery 
has been used. It is. however, necessai-y to realize that some of the bronchial 
veins drain into the pulmonary veins thus decreasing p 02 in the arterial blood. 



BJOKK: CAKDIOPTJLMOXAKY FUXCTIOY TESTS 


81 


Purtliermore some of tlie alveoli may liave a poor ventilation. In view of these 
two facts it is highly probable that the difference in PO 2 in the alveoli and 
the pnlmonary capillaries is veiy small indeed. Alveoli in different parts of 
the lung are ventilated differently. At rest there is probably a great vari¬ 
ation of blood flow through different parts of the lung. It is probable that 
part of the pulmonary capillaries are not perfused when not needed. To test 
the diffusion the patient is breathing 100 per cent oxygen for ten to flfteen 
minutes. Provided no shiuit exists the arterial blood should be fully saturated 
with oxygen when the diffusion is adequate. If the arterial blood then is un- 
satnrated this may be due to diffusion impairment. 

The Puhnonary Circulation .—^In the pulmonary cii’culation the vascular 
resistance is relatively low at a high flow. The circulation time is, therefore, 
short. It will only take about two seconds for blood from the right ventricle 
to reach the pulmonary capillaries and about the same time to return to the 
left auricle. At rest the blood is passing the pulmonaiy capillaries in three- 
fourths of one second and dui’ing effort in only one-third of a second (Eoughton, 
1945). 

The pulmonary arterial resistance is calculated in units: 

Pulmonary artery pressure - pulmonaiy capillary pressure NormaUv the 
Cardiac output ml./seeoud 

pulmonary capillary pressure is less than one-half the capillary pressui’e in the 
systemic circulation. Therefore, a considerable safety margin against pulmo¬ 
nary edema exists. 

In advanced eases of pulmonary disease emphysema and pulmonary fibro¬ 
sis may cause a right heart failui'e, also called “cor pulmonale.” It has been 
assumed that the destimction of the pulmonary capillaries in the lung should 
be the cause of the increased vascular resistance. If this were the case, the 
pulmonary capfllary pressure should increase as well. In eighteen cases with 
pronounced pulmonaiy emphysema and fibrosis, however, Dexter foimd a nor¬ 
mal pulmonary eapillaiy pressure in spite of an increased pulmonary arterial 
pressure. The arteriolar resistance in the lung could be increased up to more 
than twenty times the normal value. In cases with an increased pulmonary 
arteriolar resistance a decreased cardiac output and an increased arteriove¬ 
nous oxygen difference was found. The impairment of circulation in cases nith 
advanced pulmonary disease is, therefore, considered to be related to the re¬ 
sistance to blood flow through the pulmonaiy arteriole (Dexter). On the other 
hand. Dexter did not find any correlation with the pulmonarv arteriolar resist 
ance and the maximal breathing capacity, the vital capacity, and the residual' 
air. 

In cases imth chronic diseases causing a considerable reduction of the vas 
cular bed and an mcreased pulmonary arterial pressure with a low TJf 
output the prognosis is considered poor. In healthy indirtdunl.. n 
bis eo-workers consider the cardiac output at rest mav innrp 
than three times this value without anv simiifieant 

terial pressure. Due to this bier mari £ nubl^ ''' Pulmonary ar- 

found to be within normal limits in spite of a verv advanc''l'''^T'''^ Pressure is 

y ^uvanced pulmonary disease. 
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function. If an operation is performed on tlie best lung the patient is forced 
to ventilate the remaining lung parenehjTna on tJie side of operation u'ell 
enough to prevent an atelectasis. As an area of the lung with no or minimal 
function is resected the chances to stand an operation on the lung with the 
better function are very good. 

Bronchospirometry should not be performed in tuberculous cases Avith big 
CciAuties and considerable expectoration. In cases with tuberculosis the bron¬ 
chospirometry sliould, if possible, be performed in connection AAutli the opera¬ 
tion. In these cases we ahva 3 ’s use Carlens double lumen catheter for endo¬ 
bronchial anesthesia in order to prevent spillover, '\^^len the tube is intro¬ 
duced Ave perform the bronchospirometiy immediatelj’ on the operating table 
and tlien continue Avith the resection. 

7. The most plysiologic AA'aj'- to determine if tlie patient Avail AAuthstand 
a pneumonectomy is the occlusion of the pulmonary artery aceording to 
Carlens, Hanson, and Nordenstrom. This inA^estigation is of value in cases 
AA'here the remaining lung has an impaired function. 

8. Pressure measurements in the pulmonarj’' arterj"- are of no help in de¬ 
termining the immediate operative risks. These investigations may, hoA\-ever, 
be of prognostic value. 

Wc have j’^et a lot to learn about pulmonary function. It is our intention 
to use feAv but adequate function tests. AVe believe that AA’ith the aid of our 
present pulmonary function tests aa-g maj*^ determine if a patient can AAdth- 
stand an operation or not, but aa'C, do not j^et knoAv the value of our function 
tests in regard to the future prognosis for the patient. 
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LBIOMYOilA OF THE ESOPHAGUS 

Report of a Case With Successful Enucleation of the Tumor 

Jerry Zaslow, JI.D.,* and Sidney 0. Krasnoff, 

Philadelphia, Pa. 

T UJIOES of the esophagus maj’’ be divided into those which are malignant 
and those which are benign. While the prognosis for malignant tumors 
is extremelj^ bad, most of the literature has coiieerned itself with detailed 
descriptions of the anatomy, microscopic pathology, and surgical treatment of 
carcinoma of the esophagus. Benign tumors of the esophagus, on the other 
band, are infrequent enough so that Avhenever a case is found eitlier at the 
operating table or at the post-mortem examination it usually reaches the 
literature. In spite of this fact, when Garliek and Stegmaier summarized 
the literature up to January, 1951 there were less than twenty cases of benign 
tumors of the esophagus, and in most of these the lesion had been discovered at 
autopsy. In Jlay, 1951, lilyers and Bradshaw'' reported that they were able 
to find only 39 surgically treated benign intramural tumors of the esophagus; 
to these they added three of their own. AYe have found two additional cases 
i-eported since that time."’ ‘ This paper adds still another ease to those already 
reported; it is a case in which the tumor was diagnosed preoperatively and the 
lesion was successfully removed surgically. 

CASE REPORT 

S. R., a 37-yoar-olcl uliito woman, was first seen by one of us (S. O. K.) in 104S. At 
this time she complained of vague indigestion, right upper quadrant and epigastric pain, 
“bloating” shortly after meals, and some intolerance to fatty and fried foods. Most of these 
symptoms were of recent onset. The postprandial bloating Iiad existed for at least ten years. 
The initial physical examination was normal except for a mild hypotension amt the presence 
of a right lower quadrant appendectomy scar. 

Electrocardiogram, blood count, and urinalysis were entirely normal. Fluoroscopic 
examination of the chest revealed no abnormal pulmonary or cardiac sliadows. A barium 
swallow revealed some spasm at the distal end of the esophagus. No films of the esophagus 
were taken at this time. An oral cholecystogram demonstrated a poorly functioning gall 
bladder with many small radiopaque stones floating at a uniform level. In view of these 
findings, in December, 1948, a cholecystectomy was performed from which the patient made 
an uneventful recovery. 

About one year following the cholecystectomy the patient began to complain once 
again of bloating shortly following meals. In addition there was also a sensation of 
giddiness, vertigo, and constipation. It was felt that many of these symptoms were due to a 
state of mild anxiety, and treatment was ordered in that direction. The symptoms remained 
about tlie same and once again a barium swallow and fluoroscopic examination revealed 
some spasm at the lower end of the esophagus. However, at this time tlierc appeared to be 
some distortion of the normal pattern. 

Prom the Albert Ein.stcin Medical Center. Northern Division. 

Received for publication, Jan. 30, 1953. 
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The patient was admitted to the Albert Einstein Medical Center, Northern Division, 
•or study. All studies other than those related to the esophagus were witlun normal limits, 
rhe roentgenologist interpreted the x-ray films as showing either a mediastinal cn- 

iroaching upon the esophagus or an intramural esophageal tumor ( ig. )■ s ig i < . 
hernia was also present. The patient refused esopliagoseopy and was disdiarged, taking a 
mild antispasmodic and a fairly normal diet. 



Fig. 1.—X-ray view of the lower esophagus taken in November, 1950, showing the deformity 

produced by the lesion. 


Since the patient was verj' apprehensive about any operative procedure, it was decided 
to re examine the esophagus roentgenologically at regular intervals. Two successive series of 
films failed to show any change in the contour or size of the mass (Dig. 2). Although the 
patient’s sjTnptoms were fairly well controlled by antispasmodics, episodes of nansea, bloating, 
and even vomiting occurred, particularly when she was under any emotional stress. In view 
of the fact that the latter group of symptoms appeared to increase in severity surgical 
intervention was again recommended and on Kov. 27, 1951, she nas admitted to the hospital 
for operation. 

Operation was performed on Nov. 29, 1951. With the patient under endotracheal 
anesthesia the left thoracic cavity was entered through a posterolateral incision, removing 
the eighth rib from the costal margin to the angle. Exploration of the mediastinum re¬ 
vealed a large tumor mass in the lower third of the esophagus, involving approximately two- 
thirds of the circumference of the organ. The mediastinal pleura over the lesion was incised 
and the csoplmgus mobilized. Tiio outer wall of the esophagus over the lesion was incised 
and tlic tumor nas completely enucleated without entering the lumen of the organ. While 
the outer muscular layer of the esophagus was somewhat attenuated producing a diverticular 
defect, it nas felt inadvisalde to resect any of this tissue. The wall was then reconstructed 
with several interrupted sutures of 00 chromic catgut, and the chest was closed in layers. 
A large catheter was placed in the pleural cavity for drainage, 

Tlie resected specimen consisted of a mass, irregular in shape, moderately soft in con¬ 
sistency, gray-nhito in color, beneath a thin transparent, fibrous, hemorrhagically discolored 
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3—Microscopic section ot the lesion. There is no evidence of mallenancy. 
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capsule. It measured S by d bv 4 cm. Its cut surfaces were homogeneously gray-white and 
whorled. Microscopic examination revealed the lesion to be a benign leiomyoma (Fig. 3). 

The postoperative course was entirely uneventful. Oral feedings were started on the 
third dav and rapidlv increased, so that the patient was discharged on the tenth day on a 
bland diet. The intercostal catheter drained for twenty-four hours and was removed on the 
third postoperative day. There was a moderate pleural effusion in the left pleural cavity, 
but this absorbed before the patient left the hospital. At no time was there any diSeulty 
in swallovdng and at no time during the postoperative course did the patient vomit. The day 
before the patient left the hospital an x-ray film of the lower esophagus was made, so that 
we might have a baseline study of the anatomy and function of the organ. Tliis was con- 



I* m ^ X-ra\ photograph tahen immecliately after operation showimr the dit erticular defect 
^ here the lesion had been removed. 

sidered especially important in view of the marked redundancy of the wall following the 
enucleation of the tumor. The x-ray pictures made at this time showed no obstruction. There 
was a slight redundancy of the distal esophagus with the formation of a small dependent 
pouch in vliich a smaU amount of barium collected (Fig. 4). Since the time of the opera¬ 
tion the patient has done well, although on many occasions, especially when under severe 
emotional stress, she does develop symptoms very similar to those of which she complained 
before tlie operation. Most of those si-mptoms are controlled by tincture of belladonna after 

meals One year later another x-ray study of the loner esophagus demonstrated no 
significant change (Fig. fi). 


•Report by Dr. Henr>* Brody. 
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Comment .—It is obvious from the above case study tliat many difficulties 
were encountered in finally establishing a definite diagnosis. The original 
diagnosis of calculous cholecystitis was a deteiTcnt in arriving at our ultimate 
diagnosis. The patient had symptoms and signs pointing to gall bladder 
disease for which a cholecystectomy was done in 194S. Following this opera¬ 
tion certain symptoms persisted. These might lead one to suspect the diag¬ 
nosis of a postcholecystectomy syndrome. One symptom, present preopera- 
th’ely and persisting during the postcholecystectomy course, was the sensation 
of early bloating following a heavy meal. In spite of the fact that this 
sensation occurred primarily after emotional stress, it was felt that some 
organic cause might be responsible. In addition, there was some upper 
epigastric distress with pain radiating over the substernal area. The diag¬ 
nosis of coronary artery disease was excluded by a cardiac survey. Tlie 
ultimate diagnosis rested upon the x-ray examination. This consisted of a 
series of carefully interpreted x-ray films of the lower esoiihagus. 


! 



jPig 5 _X-Ia^ pictuie taken one >enr later showing: no apparent change from Fig 4. 

Surgical intervention was advised as soon as tlie diagnosis of a tumor 
in the region of the lower end of the esophagus was made. Because of the 
anxiety state that existed throughout the ensuing time and because of the 
patient’s marked apprehension concerning any surgical intervention, the 
operation was delayed until that time when symptoms becaine progressively 
worse. At such an opportune moment, surgery was once again recommended 
and the patient jiroved amenable to this suggestion. At the time vhen the 
patient gave consent to operation she was carefully admonished that,^ in spite 
of the fact that operation Avas indicated to remOAC a definitely visualized 
tumor, no guarantee could be given her that all symptoms Avould be eliminated 
by such an operation. 
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At the time of exploration it appeared that Ave Avere dealing Avith a av ell- 
circumscribed tumor of the loAver esophagus. It is generally accepted that 
Avherever possible these lesions, if they are intramural, should be enucleated. 
To subject these patients routinely to segmental resection of the esophagus 
Avould of necessity expose these patients postoperatiAmly to all the undesirable 
sequelae of any such resection. Therefore, the lesion Avas exposed by a 
longitudinal incision through the outer muscular coat. The lesion Arms then 
demonstrated as being intramural, and AA’ith finger dissection it A\ms possible 
to completely enucleate it Ardthoirt entering the esophageal lumen. This AA^as 
so in spite of the fact that the tumor almost completely involved the entire 
circumference of the esophagus. After the lesion had been remoA'^ed it Avas 
obvious that there Avas a marked attenuation of the layers of the esoirhagus 
external to the mucosa. It Avas felt uuAvise to attempt any sort of plastic 
repair at this time, since such a procedure might produce marked distortion 
of the loAver end of the esophagus. It Avas felt that the mucosa Avould probably 
accommodate itself to this attenuated muscular layer and in this Avay obliterate 
the dead space Avhich Avas present immediately after operation betAveen the 
mucosal and extramucosal layers. It Avas considered unlikely that the 
muscular layer Avould shrink doAvn to its original size. PolloAV-up x-ray 
films have confirmed oiir impressions, and Avhile there is obviously a diAmrticu- 
lar type of deformity, it in no Avay produces any obstruction and it empties 
normallj^ The fact that there has been no apparent increase in the size of 
the defect after one year leads xis to belierm that there Avill probably not be 
any increase over the next fcAv years at least. Shoxxld the diverticular de¬ 
formity enlarge and then produce symptoms, it may become necessary to 
perform some operative procedure on this portion of the esophagus. Hoav- 
ever, it is our conviction that even if this procedure can be put off for five, 
ten, or more years the patient is much better off Avith the deformity that is 
present than she Avould be Avith an esoifiiagogastrostomy. The prognosis for 
this ease, as far as the lesion itself is concerned, is good. Careful microscopic 
examination of the tumor reveals it to be entirely benign. In vieAv of the fact 
that the lesion Avas entirelj^ remoA'ed, there is no opportunity for recurrence. 
On the other hand, symptoms have continued, although to a much milder 
degree, since the operation. These symptoms are probably more on a func¬ 
tional basis than an organic one. There is no reason for us to belieA'e that 
these symptoms Avill change. 


DISCUSSION 


Benign intramural tumors of the esophagus arc usually solitai-y. Myers 
and BradshaAV in their revicAv of operated cases found only one in Avhieh more 
than one lesion Avas present. Jlost of these tumors occur in the loAver third 
and the majority are leiomyomas. The distribution by sex is almost identical 
and the ages of the patients in the literature range from 19 moiAths to 66 Years’ 
These lesions usually go unrecognized for many years because of the absence 
ol symptoms. M hen they become large enough they may produce obstruction 
or bleeding if the overlying mucosa undergoes necrosis from pressure or 
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iscliemia. In tliirty of the forty-two cases reported by Myers and Bradshaw, 
simple enucleation was done with apparent cure of the lesion. However, in 
ten cases either esophageal resection or mucosal resection was necessary in 
order to completely remove the tumor. 

The prognosis for these benign lesions of the esophagus, as is true of be¬ 
nign lesions of other parts of the bodj-, is good. AYheii microscopic examina¬ 
tion of the lesion after removal reveals that there is no evidence of malignant 
change, then there is little reason to suspect that there should be an}’ recur¬ 
rence following total removal. It is well to remember that any one of these 
tumors while they may appear to be entirely encapsulated and completely 
benign grossly, may show microscopic eMdence of malignancy. The prognosis 
in those cases is the same as for sarcomas in other portions of the body, the 
anticipated five-year survival being dependent upon the particular type of 
sarcoma present. It is not in the province of this paper to philosophize upon 
the theoretical prognosis of any one of these lesions should they show any 
malignant change, but it suffices to say that malignant tumors of the esophagus 
other than carcinomas are extremely rare. 

SUMJLVKY 

The case report of a patient in whom an intramural leiomyoma of the 
esophagus was successfully removed is reported. A brief review of the 
recent literature is presented. 
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GIANT! INTKAJkniRAL LEIOSITOilA OP ESOPHAGUS 
A Case Report 

Leo J. Ej:NNEY, M.D.* 

Detroit, Mich. 

T he case presented Lere is of interest because it concerns a tnmor that is 
encountered Yery infrequently, and, in this particular instance tlie lesion 
bad attained sucb a great size that its surgical management necessitated an 
operative procedure of unusual magnitude. This patient was under continuous 
medical supervision from 1940 until 1952, during which time the esophageal 
leiomyoma was regarded as a diaphragmatic hernia with a congenitally short 
esophagus. At the time of surgical resection, a bilateral thoracotomy and an 
extensive esophagogastreetomy were required to remove the tumor. 

case report 

K. C., Case 315315, -eras a IT-year-old boy who -was admitted to tbe hospital oa May 
2, 1952, complaining of dysphagia and the regurgitation of blood. Since the age of 6 he 
had experienced difficulty in svralloving, and throughout his entire life he had been under 
constant medical care for this and other complaints. At an early age bilateral congenital 
cataracts vere extracted. He suffered from a congenital hearing impairment and he was 
required to wear an artificial hearing aid. He had a congenital prolapse of the rectum. 
Of all difficulties the most annoying to him personally was the inability to eat normally. 
Because of his multiple handicaps his parents sent him to private boarding schools, and 
the preparation and ingestion of his food was a ritual that set him apart from his fellow 
classmates. 

The problem of the dysphagia had been studied and treated since the age of 6 both 
here and at several other larger medical centers throughout the country. X-ray studies 
(Big. 1) of the esophagus demonstrated a bizarre picture. The upper esophagus was 
dilated. The lower half of the esophagus was distorted into a configuration that led to 
a diagnosis of "congenital shortening of the esophagus with diaphragmatic hernia, stric¬ 
ture, and cardiospasm.” These diagnoses were made at more than one medical center and 
the recommended treatment was always the same, endoscopic dilatation. These procedures 
were carried out innumerable times from 1940 through 1951 and gave the patient temporary 
partial relief of the esophageal obstruction. Esophagoscopy had been done on more than one 
occasion and had shown the esophagus to be narrowed at the mid-esophageal level so that 
the instrument could not be advanced beyond this point. The mucosa was normal and no 
tumor was ever visualized. 

At the time of this admission diagnostic studies were repeated, and a barium es- 
amination of the esophagus vas similar to that obtained in 194S. The boy had grown 
and the structures were larger but the basic picture was unchanged. One border of the 
tumor can actually be made out just to the left of the midline (Fig. 2). Shortlv after 
this present admission to the hospital the boy’s esophagus became completely obstructed. 
Even water taken by mouth would be regurgitated a few minutes after being swallowed. 
Repeated attempts were made to introduce a tube into the stomach for alimentation but 
all were unsuccessful. Efforts were made to pass a string attached to a mercury weighted 
balloon in order to dilate the area of stricture but this too met with failure as the mercury 
bag would not drop beyond the mid-esophageal level. 

Prom the Department ot General Surgerj-, Henry Ford Hospital. 

Received tor puhllc-atlon Feb. 6, 1953. 
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Operative intervention became mandator}' for the maintenance of nutrition, and I 
elected to make an effort to correct the area of stricture whicli was believed to be at the 
point whore the thoracic stomach joined the shortened esophagus. On May 24, 1952, a 
right thoracotomy through the eighth interspace was carried out under endotracheal anes¬ 
thesia, and upon exploration a large tumor mass was found on the surface of the right 
diaphragm. It ran obliquely from the lateral chest wall and extended across the medias¬ 
tinum into the left homithorax. A tremendously dilated segment of the esophagus entered 
the surface of the mass from it.s most superior aspect, and it was soon realized and con¬ 
firmed by biopsy and frozen section diagnosis that we were dealing with a leiomyoma of 
the esophagus. The tumor was attached to all contiguous structures with vascular ad¬ 
hesions. Tliese were divided and the mass mobilized as completely as it was possible from 
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Fig. 1.—Photos^raph of one of the early esopha^rams (Sept. 11, 1948). The tumor mass could 
not be visualized on the x-ray pictures at tins time. 

the right-sided approach. The esophagus itself was freed for a considerable distance but 
subsequently it ^as found tlmt the dissection of the esophagus should have been carried 
up much further from the right side. The right thoracotomy incision vrus then closed, the 
patient turned, and the operation continued by opening the left hemithorax through the 
seventh intercostal space. The leiomyoma was then delivered into the left side and the 
situation evaluated in regard to the extent of resection. 

The inferior portion of the tumor constituted its largest diameter and the huge 
bulbous end extended below the diaphragm. The superior end of the tumor lay just below 
the aortic arch. The upper end of the esophagus was transected where it entered the 
tumor, and it was noted in the cut section that the leiomyomatous tissue invaded the wall 
of the esophagus above the level of the actual tumor mass. It was evident at this time 
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Fig. 1 .—Photograph of one of the early csophagranis (Sept. 11, 1948). The tumor mass couUl 
not be visualized on the x-ray pictures at this time. 

the right-sided approach. The e.sophagus itself was freed for a considerable distance but 
subsequently it was found that the dissection of the esophagus should have been carried 
up much further from the right side. The right thoracotomj- incision was then closed, the 
patient turned, and the operation continued by opening the left hemithorax through the 
seventh intercostal space. The leiomyoma was then delivered into the left side and the 
situation evaluated in regard to the extent of resection. 

The inferior portion of the tumor constituted its largest diameter and the huge 
bulbous end extended below the diaphragm. The superior end of the tumor lay just below 
the aortic arch. The upper end of the esophagus was transected where it entered the 
tumor, and it was noted in the cut section that the leiomyomatous tissue invaded the wall 
of the esophagus above the level of the actual tumor mass. It was evident at this time 
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vrorse in the patient's condition and it became apparent that he had mptnred the esophago- 

ea<=tTic anastomosis and had developed an acute mediastinitis and left empvema. 

coital tube vras inserted into the left chest, and rrithin a few hours 5,000 c.c. Ox fluid hao 

drained out. Becovery from this point on was relativelv uncompUcated. 

An. attempt was made to treat the esophagopleural cutaneous fistula by feeding the 
patient through a gastric tube placed in the stomach but this was unsuccessful because 
a large proportion of the formula would be regurgitated out of the stomach into the fistula. 



-i*—Postop€raU\e esopLasram. Tbe upper sesineiit of the esophagTis remains diJated. 

The method of jejunal alimeutatioa described bv Fallis and Barron^ of this hospital ^ras 
then instituted- A small intranasal polyethylene tube "^vas passed into the upper portion 
of the jejunum and a whole liquefied food formula pumped mechanically through the tube 
into the jejunum. This feeding technique was completely successful in maintaining nu¬ 
trition and was continued for forty-two days at which time the fistula closed. A small 
drainage tube was then slowly withdrawn from the residual fistulous tract over a period 
of one month wfith eventual complete healing. 

At present (nine months later) the patient is completely free of any swailowins: 
difficulties. Postoperative esophagraius (Fig. 4). taken four months after operation, 
show a satisfactory result. The upper esophagus is still dilated but there is no delav in 
the passage of barinm through tbe anastomosis into the thoracic stomach. 

Discusaox 

In recent years several authors have pointed out the raritv with which 
benign tumors of the esophagus are encountered. In an article' published in 
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that tho aortic arcli had to be mobilized and the esophagus again divided at a much higher 
level. Before proceeding with the dissection at the diaphragmatic end, the tumor had to 
bo partially returned to the right chest because it tilled tho wound and mitigated against 
any further technical steps. The diaphragm was then incised and the mass found to en¬ 
velop the upper third of tho stomach. 

Tho operation continued and as a preliminar 3 - step to resecting the involved portion 
of stomach, a splenectomy was carried out. The omentum was detached from the greater 
cur%'aturo of tho stomach and access gained to the lessor omental cavit.v. Here, the loft 
gastric artcrj- was isolated and divided between ligatures. Tho upper end of the gastro- 
hepatic ligament and the attachments of tho tumor mass to tho diaphragm were cut be¬ 
tween clamps and the tumor could then be removed (Fig. 3). The incision in the stomach 
was closed so as to form an elongated tube that easily- reached above the aortic arch with¬ 
out tension. Attention was then directed to mobilizing the aortic arch. Three sets of 
intorcostals and a bronchial artery- were divided, and the aorta was retracted antcriorlv. 
Tho esophagus was delivered above the arch and an ndditionl 9 cm. of this organ was re¬ 
moved. Tho cut section at this level showed tho muscle laj-ors to be free of tumor tissue, 
although tho wall itself was markedlj- thickened and edematous. The tissue was of such 
poor quality that it could be crushed between thumb and forefinger. However, a perfeetlv 
tight two Ja 5 -er anastomosis was carried out between tho stomach and esophagus. The 
anastomotic lino was placed anterior to the arch and a few inches above it. 

Tho incision in the diaphragm was closed with interrupted sutures and tho edge of the 
now hiatus sutured to tho thoracic stomach. A gaping hole was present in tho medias¬ 
tinum, tho site from whore tho tumor had been resected, and a single thoracotomy tube 
was placed so ns to drain both sides of the chest. The left-sided wound was closed and 
tho operation terminated. Tho total operating time was nine hours. During tho course 
of tho procedure tho patient was supported with 2,500 c.c. of whole blood and 1,000 c.c. 
of isotonic saline. 

Pathologic examination was carried out in tho Department of Laboratories, Henr,v 
Ford Hospital, under the direction of Dr. Frank Hartman and was reported, in part, as 
follows: 

"Specimens consists of a largo tumor mass, a spleen and portions of stomach and 
esophagus. Tho largo tumor weighs 1,420 grams and has previously- been opened. In tho 
opened condition it measured 19 cm. in length, 15 cm. in width and 7 cm. in thickness." 

Microscopicallj- tho "tumor is composed entirely of elongated, fusiform, pink stain¬ 
ing cells arranged in interlacing longitudinal groups. The nuclei are oval and present 
very little ploomorphism. The pink-staining cytoplasm is in abundance. This presents a 
typical picture of leiomyoma." 

The patient’s life hung in the balance during tho first three postoperative days be¬ 
cause of extreme respiratory difficulties. Ho was in an oxygon tent and, in addition, was 
given supplementarj' oxygen through a nasal catheter. But even under those conditions 
ho manifested a slight tinge of cj-anosis. Any factor that compromised tho patient’s 
slender margin of respiratory reserve required prompt attention. A few hundred cubic 
centimeters of fluid aspirated from one side of the chest or the other would tide him over 
a period when he was developing respiratory failure. He had considerable bronchial 
secretion which he was unable to raise efficiently and frequent tracheal aspirations wore 
done to clear tho airway. On one occasion a bedside aspiration bronchoscopy was carried 
out. On tho second postoperative day he developed a gastric dilatation which compressed 
tho left lung and resulted in a critical hypoxic state. A gastric tube was passed with 
prompt alleviation of the dyspnea. 

He survived this difficult period and by the end of the first postoperative week ho 
was improving rapidly. Dyspnea was controlled with a small volume of nasal oxygon. 

A liquid diet was instituted on the fifth postoperative day and was progressively increased 
with no iU effects. On the eighth postoperative daj' there was a marked change for the 
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The first problem was the necessity of carrying out a bilateral thoracotomy 
in one consecutive operative procedure. Stud3' of Figs. 5 and 6 will illustrate 
why exposure from both right and left sides of the chest was mandatorj'^ in the 
technical management of this case. The bulk of the tumor mass was situated 
in the right hemithorax, but its largest end was on the left side and it de¬ 
scended into the left upper quadrant of the abdomen. A supplementary ab¬ 
dominal incision would not have provided adequate exposure. Consequently 
we were forced to open the left side and incise the diaphragm for proper 
vifuialization in this area. Chi and Adams= opened both sides of the chest in 
their patient, hut the two thoracotomies were separated by a month’s interval. 



Fig. C.—Cross-sectional drawing showing the extent of surgical resection. 


I was aware of Overholt’s^ experience, where, in three instances, simultaneous 
bilateral thoracotomies had been done. Encouraged by these previous suc¬ 
cesses, the decision was made to proceed with the operation from this stand¬ 
point. 


Overholt’s patients experienced no serious problem in their postoperative 
physiologic adjustment to simnltaneons bilateral thoracotomy. In the ease 
presented, the phjrsiologic respiratory insult was extremely marked. The pa¬ 
tient survived only because the stamina of youth was in his favor and because 
of the diligent care given by the surgical residents. The duration of the opera¬ 
tion, the fact that the thoracotomies were consecutive and not simultaneous 
and the extensive surgical resection that was required undoubtedly accounts 
101 the severe postoperative reaction in this patient. 
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1950 Chi and Adams- tabulated the benign esophageal tumors that had been 
treated surgically and reported in the medical literature. These were of all 
types and totaled only twenty at that time. Their article also contains an 
excellent bibliography on this subject. 

In the majority of the cases cited, the lesions were of the mucosal peduncu¬ 
lated type or else they were localized intramui-al myomas that could be enucle¬ 
ated from the esophageal wall without interrupting the continuity of the 
organ. There are only three instances recorded in the medical literature where 



Fig. 5—Aitist’s duigiamniatic ioconstiuction of tljc Osophngcal leiomyoma m situ illustrating 

the relations of the tumor 

intramural leiomyomas of the esophagus Avere successfully treated by a radical 
esophagectomy and reparatiA'c esophagogastrostomy. Broch^ (1942), Ken¬ 
worthy and Welcld (1948), and Chi and Adams= (1950) described cases that 
required an extensive surgical resection. In Broch and Kenworthy’s cases the 
leiomyomas involved the esophagogastric junction. The patient operated upon 
by Chi and Adams had a leiomyoma in the upper third of the esophagus. In 
the case described here, the tumor involved the lower two-thirds of the esopha¬ 
gus proper, including the cardia and the upper third of the stomach. 

A correct preoperative diagnosis Avas not made in this ease and the de¬ 
cisions regarding management had to be made at the operating table. Tavo 
problems Avere immediatelj’^ considered after the true nature of the pathology 
Avas ascertained and before the mobilization of the tumor Avas begun. 



INTRATHOKACIG IIENINGOCBLE NOT ASSOCIATED 
WITH NEUEOPrBRO:HATOSIS 

A. D. Seaks, M.D., E. S. CLAyTo:s:, M.D., a^t> Eldok Siebel, M.D. 

Dallas, Texas 

I NTEATHOEACIC meningoceles are of sufficient rarity to Tvarant tlie pr^- 
entation of individual eases. Only fourteen proved cases could be found in 
the literature at this time. The foUouing ease, -we heHeve, is the fifteenth proved 
case and the fourth ease not associated "with neurofibromatosis. 


CASE REPORT 


A 29-year-old Isegro voman (gravida iii, para i) vras seen in the emergency room on 
April 4, 1952; she complained of dysmenorrhea and menorrhagia. A chest film revealed a 
large intrathoracie mass, apparently unassociated rvith these symptoms. She was referred to 
chest clinic but failed to heep the the appointment. Two months later she was readmitted to 
the hospital with the same essential complaints, was treated, and then transferred to the chest 
service. 

Past history and family history were noneontributory. Physical examination was 
essentially negative except for the presence of bilateral lower quadrant tenderness and a 
large midline mass extending almost to the nmbilicns. A mass in the right uterine adnexa 
deformed the vaginal vault. These masses, surgically removed at a later date, were flbro' 
myomas of the uterus. Ko evidence of neurofibromatosis was noted. The laboratory find¬ 
ings, including spinal fluid studies, were normal. 

Chest films revealed a large, sharply circumscribed, homogeneous density filling the 
entire upper third of the left lung field (Fig. 1). The trachea was displaced slightly 
anteriorly, and the esophagus was displaced to the right. A scoliosis of the upper thoracic 
spine was present, with the concavity on the left side. J\o definite bone destruction was 
noted but there was thought to be pressure atrophy of the left first rib posteriorly. A lung 
cyst or neurofibroma was considered the most likely diagnosis by both the surgeons and 
radiologists. 

Operation .—-A thoracotomy was done on the left side through the bed of the fourth 
rib. A round, cystic tumor, approximately 10 cm. in diameter, was seen to fill the apex of 
the left chest. The pleura and the second intercostal nerve on the anterior surface of the 
tumor were dissected away, and approximately 150 c.c. of clear fluid was aspirated to facili¬ 
tate removal of the tumor. Dissection was carried down to the second intervertebral 


foramen, through which the mass entered the chest, and the cyst was opened. The foramen 
was only slightly larger than normal, measuring approximately 7 or S mm. in diameter. 
Through the lumen of the cyst pedicle could be seen the dentate ligaments and spinal 
cord. At this point, it was emdent that the cyst was actually a meningocele. The neck of 
the meningocele was closed with a purse string suture of 000 sUk reinforced by interrupted 
sutures of Ko. 30 cotton. The suture line was covered with Gelfoam. 


Postoperatively the patient drained a light amber fluid, thought to be spinal fluid 
from the wound at the rate of 300 to 350 c.c. daily. By the third week this decreased to 
12o c.c. daily, gradually diminishing thereafter until it finally ceased. The pleural drain¬ 
age tubes were then removed with no reaccumulation of fluil There was a slight weak¬ 
ness of the left arm and left leg which cleared within a few days. This was thought to 
ave been due to arachnoiditis. A definite Horner syndrome was* noted on the left This 
nasjmd to have been present to a lesser degree preoperatively though not recorded on the 
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The second problem considered at the operating table was a definite de¬ 
terrent to proceeding wth the removal of the tumor. Because the esophagus 
above the mass was dilated and its wall was markedly edematous as a result of 
the chronic obstruction it was questionable whether a leak-proof gastro¬ 
esophageal anastomosis could be made. Even if this were accomplished it 
seemed doubtful whether or not tissue of this nature Avould heal. The opinion 
of Dr. Laurence S. Fallis, Surgeon-in-Chief at this hospital, was sought in this 
regard. He felt that there was no other acceptable alternative in the manage¬ 
ment of the case, except resection, and advised that the risk of carrying out 
the anastomosis should be assumed. 

The anastomotic breakdovTi which occurred on the eighth postoperative 
day was not unexpected, and was diagnosed a few houi-s after it happened. 
Prompt drainage was instituted, massive doses of antibiotics started, and the 
patient recovered rapidly from the acute effects of the accident. Subsequent 
course was remarkable for the manner in whicli nutrition was maintained in 
the face of an esophageal fistula and a draining empyema. Throughout the 
forty-two day period, when nothing was administered by mouth, the patient 
lost only five pounds in weight. Dr. James Barron, of this hospital, managed 
this aspect of the case and he estiuiates that between 4,000 and 5,000 calories 
a day were pumped through the polyethylene tube into the jejunum. 

SUMMARY 

A case of esophageal leiomyoma is reported. This is believed to be the 
fourth such case recorded that survived a radical esophagectomy and esophago- 
gastrostomy. It is thought to be the largest esophageal tumor (1,420 Gm.) 
ever resected surgically. 

The method of jejunal alimentation which was used in the management 
of the esophagopleural-cutaneous fistula that developed in this patient was 
eminently successful in maintaining nutrition. 
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chart. The patient rvas given penicillin and streptomycin pirophylactically. Lpon dis¬ 
continuance of these drugs the patient’s temperature rose to 102' F. and she developed a 
stiE nech, headache, and return of the weakness of the left leg. A lumbar puncture at this 
time revealed normal findings. Fpon reinstitution of antibiotic therapy, the fever promptly 
abated and the meningeal signs and symptoms disappeared. The weakness of the left leg 
persisted, however. Two and one-half months following surgery the patient was able to 
walk without the aid of a cane but still exhibited a slight bilateral ankle clonus, hyper¬ 
active ankle jerk, and weakness of the hamstring group of muscles of the left leg. 

A summary of all proved cases reported to date tvitli an additional two cases 
not previotisly tabulated is presented below. 

DtSCUSSIOX 

In reviewing tbe cases summarized in Table I tbe constancy of ccrtani clini¬ 
cal features was striking. Ten of the fifteen cases bad neurofibromatosis; all 
but one had definite vertebral abnormalities. These two findings in tbe presence 
of an intratboracie mass, paucity of symptoms, neurologic or otherwise, should 
stimulate efforts to demonstrate a meningocele by myelography. In two of these 
eases the correct diagnosis was made prior to surgery, 2 and 6. The most fre¬ 
quent preoperative diagnosis was that of neurofibroma. 


Table I. Summ.vrv of C.xses Previously Reported* 



1 xo. or I 


1 ASSOCIATED 

VERTEBRAL 

ArTHOR ! 

1 CASES 1 

1 TREATMEXT 

1 XErnOFIBROMAS 

CHAXGES 


1. PohlA 1933 

1 

Surgery; death from empyema 

ICot resected: death following 
neureciomv 

Yes 

Yes 

2. Schuller,2 19 3 S 

1 

Yes 

Yes 

3. Ameuille.s 1940 

1 

Surgery; cyst packed: death 
from empvema 

Yes 

Yes 

4. Welch.* 1949 

1 

Resection: good results 

Yes 

Yes 

5. Byron.5 1949 

3 

One case resected with good re¬ 
sults. Oue case treated con¬ 
servatively. One case resected: 
the patient expired during sur¬ 
gery 

Yes. 

two cases 

2Co, 

one case 

Yes 

6. Mendclsohu^ 

1 

I^esoction: good results 

Yes 

Yes 

7. Heads 

1 

Treated conservativelv 

? 


S. Ciaglias 

1 

Resection: good results 

Yes 

Yes 

9. Cross.s 1949 

1 

Treated conservativelv 

Ho 

Yes 

10. Kessel.t 1951 

o 

One case resected with good re¬ 
sults. One case treated con- 
servativelv 

Yes. both 

Yes 

11, Kubin,'^ 1952 

1 

An infant who expired before 
treatment was instituted. 

Ho 

Yes 


•Campos’ in 1946 


not fiAfiniVoii: cases \\iih Uie above findings but the diagnosis was 

rcprelented'niemSswelei." frequency of the associated findings, they probably 


The importance of the associated clinical featiu'cs was pointed out by Enbiu- 
in a review of two separate series of intratboracie nem-ogenic tumors. Onlv 
fouv eases of neurofibromatosis were found in a total of 135 cases. This is aii 
important observation because in almost all of the cases presented here. 4e 
piotisioiial diagnosis was that of neurofibroma 






EESULTS OP SUPERT0LTA6E EOENTGENOTHEEAPY OF 
ESOPHAGEAL CAEGIN0]\L4 

Fraxz Buschke, M.D., S. T. Caxtkil, M.D. 

Seattue, "Wash. 

W E HAW, repeatedly discussed tPe rationale of supervoltage roeutgeno- 
tPerapv for epidermoid carcinoma of tPe esophagus, its indications, 
contraindications, and technical detaEs. IMore recently ■we ha'v e pi esented 
a comparison of the optimal surgical and radiologic results obtained to 
date.= The follo^ving article is a summary of our oivn results in patients 
treated between January, 1940, and July, 1952. For technical details of 
treatment we refer to our pre'rious pubEcations.’’ ^ 

A total of fifty-eight patients was seen (Table I). Nineteen of these 
were not treated, in most instances because either the lesion was too ad'canced 
to expect even temporary sustaiued palliation, or the general condition was 
too poor to support such a major pi'ocedure. Twelve patients received what 
we would consider grossly inadequate therapy, usuaEy because treatment had 
to be discontinued on account of the rapidly declining general condition. 

Twenty-seven patients received what we would consider adequate treat¬ 
ment. By this we mean that a minimal dose of 5,000 r., calculated at the 
level of the esophagus, in about forty to forty-five days, or its equivalent 
with greater fractionation, was delivered. Of these patients, five are in 
clinically satisfactory condition today. 

Considering only patients who have been treated more than five years 
ago, twenty-nine were seen of whom five received incomplete, and fourteen 
complete treatment, as pre-siously defined. Three patients are weE -without 
radiographic or clinical evidence of disease. They have been E'^’ing a 
perfectly normal life in eveiy respect for periods of twelve, ten, and eight 
years, respectively. One of these had disease localized in the cer-rical segment, 
one in the upper, and one in the lower thoracic segment of the esophagus. 
Thus three paEents have been weE for more than five years out of a total of 
twenty-nine patients examined, or out of nineteen patients who were admitted 
for treatment (corresponding to surgical exploration), or out of fourteen 
who were completely treated (corresponding to patients in whom surgical 
resection would have been completed). In addition, two paEents have been 
clinically well, possibly with controEed disease for two and three years, 
respectively. One had a carcinoma in the upper thoracic and one in the mid- 
thoracic portion. These two patients do not have restoration of a normal’ 
esophagus insofar as both have a moderate degree of obstruction. This, how¬ 
ever, has remained entirely stationary in one patient for fifteen montlis in 
the_oErev for eighteen months. Since the stenoses in these patients have not 

From the Tumor Tnstitute of the Stvedish Hospital. 

Received for publication. Jan. 26, 1953. 


105 



104 


THE JOURNAL OF THORACIC SURGERY 


Treatment bj"- oxeision seems to be fairlj'’ safe with modern surgical tech¬ 
niques. Eesection was not attempted in two cases because of laclc of sjnnptoms 
and the relatively safe location of the tumor.“ The choice of treatment must of 
necessity be individualized. 


SUJISIAKY 

1. A case of intrathoracie meningocele is reported; we believe it to be the 
fifteenth proved ease in the literature. 

2. Roentgen findings common to most of the cases of this type are kypho¬ 
scoliosis, a mediastinal tumor, evidence of erosion of eitlicr the vertebral bodies 
or adjacent ribs, and vertebral deformities or anomalies. An important asso¬ 
ciated clinical finding is tlie presence of neurofibromatosis vdiich was present in 
ten of the fifteen proved cases comprising this series. Neurofibromas associated 
with a tumor located paraspinally in the chest should initiate a search for 
meningocele by myelography. 


ADDENDUM 

Since this article nas nritfea, another ease of intrathoracie meningocele proved by 
aspiration has been recorded. Ottani, Gerardo: Intrathoracie Areningoeele, Ann. di radiol, 
ding. 23: IlG-110, lO.")!. (Abstracted in Endiology 59: 132, 1952.) 
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months after completion of treatment Avithout clinical or radiographic signs 
of acth'e disease in esophagus, mediastinum, or elscAvhere was attributed to 
general weakness and age. ObAdously, surgery Avould not liaA^e had any better 
chance of success in any of these patients. In only one instance can it be 
argued in retrospect that surgery might haA'e been more successful. This 
patient died tAventy-five months after Amry massive therapy from Avhat Ave 
belieA'ed Avas probably massiA’e mediastinal and pulmonary fibrosis rather than 
active disease. This patient Avas treated in 1941, a time Avhen resection of the 
mid-esophageal portion still carried a prohibitwe surgical risk. Even in this 
instance, it remains doubtful A\diat surgeiT could have accomplished in the 
presence of a disease Avhieh had caused symptoms necessitating regular dilata¬ 
tion for more than one year prior to referral to us. 

Thus it appears that in these eight patients, roentgenotherapy lias accom¬ 
plished satisfactory palliation preA'enting starA'ation for periods of fiA’e to 


tAventy-fiA'e months during Avhich time these patients liA^ed practically normal 
Iwes, in one-half of the instances for periods exceeding one year. 

The analysis of the remaining fourteen failures shoAvs that in these 
instances the primary disease remained uncontrolled and progressed. Perfora¬ 
tion into the tracheobronchial tree, mediastinum, or aorta one to seven months 
folloAving completion of therapy Avas the cause of death in six patients. In 
tAvo eases death Avas due to generalization of the disease, and in one instance 


to ascenduig urinary infection secondary to a cord bladder caused by A^ertebral 
inA’olA^ement by metastatic disease one month after completion of therapy. 

^ In these fourteen eases in AA'hich the primary disease progressed folloAving 
radiation therapy, the question of Avhether surgery could haA'e accomplished 
moie becomes even more urgent. Six of these patients Avere referred to us 
by three of the leading thoracic surgeons in the community because they 
Avere considered inoperable: four because of demonstrable extraesophageal 
extension (radiographically demonstrable penetration or mediastinal nodes); 
one Avith an anaplastic carcinoma of 10 cm. length Avith the history of symp¬ 
toms for more than nine months; one because of the general condition and 
age. Three additional patients Avere considered inoperable because of general 
condition and age, one of these AAuth fibrillation prior to therapy, and one 
AAith Paikinson s disease. Tavo patients had extensiA'e cerA'ieal and mediastinal 
j mph node inA-olyement prior to therapy. One patient had a carcinoma ex- 
tenc ing from the inferior IcA^el of thjmoid cartilage to the fourth dorsal inter¬ 
space. The patient prcAiousty mentioned, AA-ho developed metastatic involve- 
nient o one vertebra AAdth cord bladder one nionth after treatment, Avould 
0 A ions y not have been benefited by surgery. There remains one patient 
agec j ears, AA-ith a lesion at the level of the sixth thoracic vertebra in Avhom 
’fO Iboracic SAirgeon may perhaps have considered surgerv 

11 ’’ A • ■ ^ patient to be accounted for (J. P., 47-477) Avas 58 vears 

elfoiee of”— Seneval condition at the time of admission; he was offered the 

IVo mont risk and an attempt AA-ith radiation therapy, 

ths ^oUo^\lng the completion of treatment this lesion i 

H ,.hcth„ .heTdta" ':”" Z 
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Table I. Epipekmoid Carcikoxia or Esowiaous 



1 NO. 

NOT 

1N(’0MPI>KTKIA' j 

('OMri.KTKI>Y 

U'KM. 


I SKKN 

THKATKO 

TUKATKl) 1 

Tur.ATnn 

JULY 3, 1952 

Jaiiuarv, 1!>-10—Julv, 1<15L’ 

5S 

39 

31’ 



.Tanuaiw, 1940—.Tuh-, 4947 

99 

10 

5 

34 

31 

•Histologically verlOed biopsy or autopsy. 


ITwo patients well tn-o and tlirce years, respectively, 

tOne lesion in cervical, upper tlioracic, and lower tlioracic segment, respectively. 


cliaiigecl over this long period of time and have remained radiograpliieally 
smooth, we believe that they are more likely caused by fibrotic scarring than 
by active disease. One of these patients needs occasional dilatation. Both 
feed themselves satisfactorily by semisolids. 

None of the patients ivith lesions in the mid-thoracic portion of the 
esophagus has remained tvell. The question then arises ■whether surgery 
would have offered 0113 - of these patients a better chance of control. 

An anal 3 'sis of the twent 3 ’-two failures shows that in eight instances 
roentgenotherap 3 ’’ accomplished re-establishment of the normal esophageal 
passage to the point that these patients could eat normalhv, or almost normalfv. 
up to the time, or very shortl.v prior to the time, of death. Death was not duo 
to recurrent obstruction or demonstrable recurrent disease in the site of 
primaiy origin. The anal.vsis of the cause of death in these eight patients 
(Table II) shows that in five instances failure of permanent control was due 
to the presence and progression of paracsoiffiageal and mediastinal nodes; in 
one patient death was due to liver metastases. In one patient, death thirteen 


Table It. Epipermoid Carcinoma or Esophaous. Cause or Death in Patients in Whom 
Folloivinc. Irradiation Normal or Almost Normal Esopiiaoeai. Passaoe W'as Maintained 
Until Death or Until Very Shortly Prior to Death 


INITIALS 1 

NO. 

j 1 

' AGE 1 

1 

1 

LOCATION 

f lurnATioN j 
SYMPTOMS 

rulou 

TREATMENT 

1 (MO.) 

i 

POSE* 1 

R./DAYS 1 

DUPwVTION 1 
END OF 
TREATMENT 
TO DEATH 
(MO.) 

1 CAUSE or death 

J. E. 

41 - 

62 

M 

12 

(16200/Sl ) 

25 

Fibrosis 

G. G. 

44 - 

5S 

L 

14 

(14000/61) 

15 

Parnosoj)!!. node 

1 vr. p. rad. 

B. S. 

4G-740 

50 

C 

4 

0500/52 

6 

Paraosopli. node 

I, G. 

47-456 

01 

h 

16 

5000/44 

19 

Livor metastasis 

D. B. 

48-341 

76 

C & V 

7 

(7100/30) 

9 

Extriiis. obstruct, 
node lower esopli. 

9 mo. p. rad. 

M. P. 

50-22 

55 

C 

2 

6000/36 

6 

Mediast. nodes 

J. 0. 

50-620 

76 

M 

3 wk. 

6000/39 

33 

General weak¬ 
ness; age 

Perfor. of 
mediast. node; 
acute massive 
hemorrii. 

0. AY. 

51-975 

60 

Jil 

2 

7000/45 

5 


C—Cervical segment. 

U—Upper tlioracic segment, 
lit—Mid-thoracic segment. 

L—Lower thoracic segment. 

•Dose in parentheses is measured at skin in patients in wliom chest pieasurernents ar 
nat available tor computation of tumor dose. Figures of dose without parenflieses represen 
Unnor dose as calculated at level of esophagus. 
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THE AiTBEICAiSr ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The 34th annual meeting of the American Association for Thoracic Surgery Tvill be 
held Alay 3, 4, and 5, 1954, in Alontreal, Que., Canada. Headquarters -sviU be at t e 
Sheraton-iloimt Boyal Hotel. 

Requests for Hotel Reservations 

These should be mailed directly to the Beservation Manager, Sheraton-Mount Eop^l 
Hotel, Montreal, Que., Canada. Please mention this Association, type of accommodation 
desired, date, and approximate hour of arrival. If accommodations are desired elsevrhere, 
please communicate directly vrith hotel of your choice. 

Thoracic Surgical Forum 

After due consideration, the Council has decided to try an experiment by assigning 
one morning session to a ‘•'Thoracic Surgical Pomm” for the presentation of short papers 
on current thoracic research, anatomy, modified surgical techniques, etc. Papers at this 
session •nHll be limited sharply to ten minutes (including the shorving of lantern slides or 
other illustrative material) rvith three minutes as the maximum discussion of each paper. 

These papers trill be published together in one issue of The Joerkal of Thoracic 
SCEGEP.r. Maximum length; 3,000 words without illustrations. If illustrated, an appropriate 
number of words must be subtracted for each cut used. 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1954 meeting, including papers 
before the Forum, must be received on or before January 1, 1954, otherwise they will 
not be considered by the Program Committee. 

Abstracts should be labeled “Por Pomm” or “For Eegular Program.” 

Fire, repeat fire, copies of each abstract should be sent to the Secretary of the Asso¬ 
ciation, Dr. Paul C. Samson, 293S McClure St., OaHand 9, Calif. They should not be sent 
to the Editor. 

The abstracts should contain from 200 to 250 words and accurately reflect the con¬ 
tents of the completed paper. 

Applications for Membership 

Applications for Associate Membership in the Association must be received by the 
Membership Committee not later than Jan. 1, 1954, to he considered for action in Montreal. 
-Applications received beyond this deadline will be deferred for consideration until 1955. 

Applicants must be sponsored by three Active or Senior Members of the Association. 
In addition to the sponsoring statement on the application form, the sponsors must submit 
a separate letter concerning the applicant direct to Dr. Evman H. Brewer IH Chairman 
of the ilemhership Committee, 2010 Milshire Blvd., Los Angeles, Calif, ''completed 
application forms should lihewise he sent to Dr. Brewer. These regulations are at the 
direction of the Council and were made effective in 1952 at Dallas. 
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to active disease or to massive radiation reaction and necrosis. At that time, 
therefore, it was felt that the likelihood of uncontrolled disease was sufficiently 
great to justify the risk of surgery. Kesection of a 9 cm. mid-esophageal 
segment with primary esophagogastrostomy was done. In spite of the heavy 
preceding irradiation (4,800 r. in forty days calculated at the esophageal 
level) healing progressed without complications and the patient was dis¬ 
charged ten days follo'wing surgei'y. No carcinoma was found in serial 
sections of the removed specimen. Six days after discharge from the hospital, 
the patient was killed in an automobile accident. At autopsy earcinoma was 
found infiltrating the esophageal wall about 5 mm. above the site of the 
anastomosis and a carcinomatous nodule 1 cm. in diameter at the level of the 
anastomosis. 

Thus it would seem that none of the patients not saved by radiation 
therapy would have had a better chance if surgery had been eleeted. 


SUMMjVRY 


1. Between Januarj', 1940, and July, 1952, fiftj'-eight patients with car¬ 
cinoma of the esophagus were seen. Five out of twentj'-seven adequately 
treated, or of thirty-nine patients in whom treatment was started, are 
clinically well today. 

2. Of twenty-nine patients seen more than five years ago, nineteen were 
admitted for treatment and fourteen of these received adequate therapy. 
Three of these patients have been clinically and radiographically well, without 
any sign of active disease with normal esophageal function, for periods of 
twelve, ten, and eight years, respectively. 

3. Of twenty-two patients adequately treated but uncontrolled, normal 
or almost normal esophageal function until death, or until shortly prior to 
death, was accomplished in eight instances for periods between five and 
twenty-five months. In six of these patients death was due to extraesophageal 
progression of the disease, in one to general weakness caused by age, and in 
one probably to massive mediastinal and pulmonary fibrosis. 

4. Analysis of the twenty-two adequately treated but uncontrolled eases 
suggests that in only one of them surgery may possibly have offered a better 
chance. 
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Orismal Cominiiiiicatioiis 


HYDATID DISEASE AS IT AFFECTS THE THOKACIC SUKGEOX 
P. SrssiA:;c. F Ji.C.S. (E:sg.) (by eotitatiox) 

StDIvEY. ArtTRAUA 

H ydatid disease is due to tlie derelopment in man of the erstic (laiTal) 
stage of the tapeworm Taenia echinococcus. The adult stage is passed in 
the intesTuie of the dog or of a member oi the dog tribe (dingo, jackal, wolf ), 
and The cvsrk- stage generally occurs in one of the herbbrorons animals (sheep, 
ox pigi or in man. An uifeeted dog passes thousands oi ova in the feces and 
these are swallowed by the intermediate host in contaminated water or food and 
are carried in the blood sti-eam to various organs where they develop into hydatid 
cj-sts. Ilan can he iniected in the same way. hut more frequenDv he con¬ 
taminates his fingere by handling a dog and then takes his food without washing 
his hands. Dogs become repeatedly infected by being fed with the cyst-bearing 
o&al of the intermediate host. Each mature cyst generally contains thotisauds 
of seolices (tape worm heads; which grow into adnlt worms in the dog's gnf, 
and so the cycle repeats itself indednitely. It is obvious that tbe disense can be 
prevented by Dvo simple measures: first, dogs sbould not be allowed to eat in¬ 
iected o6'al, and second, human be'mgs should always wash their bauds after 
han^mg dogs. But so far all efforts by education and exhortation have failed 
m elmimate hydatid <feease and this makes one wonder what hope there is of 
preventing the more widespread and complex infection with the tubercle bacillus. 

the incidence of bydatid disease in man rims parallel to the incidence of 
imestation 01 the dog and sheep; the other possible definitive and intermediate 
io.,ij. p ^y little 01 no pait in the spread of the disease to man. 

parasite, like some of its biologic bettera. mav lead a 
double hie. The scolex which, as explained above, normaUv depend^ for its 
continued existence on reaching the final host, has the power in certaS e ! 

natiiraftra^^ t>eeommg a cyst itself in the intermediate host. There mav he a 
endcncy tor this to occni- at some time in a normal crw but it nmalK- 

SfA!!,!.!?'; -iices .Lrg^ 

c.vst or in any tissue or 


into_daug],ter crats tvithin the confines of the mother 


af'-a I 
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Greetings to Thoraxchirurgie 

Tho JoDRNAii of Thoracic Surgery fakes pleasure in welcoming to the same field 
Thoraxchirurgie of which tho first number has appeared under date of April, 1953. The new 
journal will bo devoted to clinical and operative surgery, pathologic physiology, experimental 
patliology of tho thoracic viscera, and to anesthesia. 

It will bo under the editorial direction of Professor K. Vossschulto of Giessen, assisted 
by A. Lezius of Hamburg and R. Hissen of Basel. The all-European editorial board contains 
tlio names of several tlioracic surgeons well known to Americans, among whom are Brock, 
Grafoord, Denk, Dogliotti, Felix, and Santy. Thoraxchirurgie will be publislied by the ex¬ 
perienced firm of Georg Tliicme of Stuttgart, the publishers of Deutsche mcdieinischc 
Wochcnschrift, and an issue will appear every two or three months. 

The first number, with a foreword by Nissen, makes a splendid impression. It is gratify¬ 
ing that a new journal lias appeared devoted to thoracic surgery which will be published in the 
language used by Sauerbruch for his pioneer contributions to this field. 

The Editor 
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SUSMAN : HYDATID DISEASK AND EFFECTS ON THORACIC SURGEON 

5 The parasite may die at any time for no apparent reason, or as the result 
of rupture or pyogenic infection. It may become a caseous mass very like a 

tuberculous focus. . 

6. The rate of growth of these cysts is not known. It has often been said 

that most patients become infected in childhood although the disease may not 
be diagnosed until adult life. But radiologj'^ has shown that a hydatid cyst 
may become apparent in a matter of months; if infection did actually occur in 
childhood in these persons, then for many years the cj^sts were too small to cast 
an appreciable shadow and then they suddenly took on rapid growth. Further¬ 
more daughter cysts may appear in radiograms taken during the first year after 
rupture of a mother cyst. It is probable that primary and secondary cysts 
have different rates of growth and the rate of growth varies from animal to 
animal, as Avell as in the same animal. 

7. It is not known when and where the ova hatch out. But we do 
know that the embrjms enter the portal circulation and that explains why most 
hydatid cysts are found in the liver. One or more embryos may pass through 
the liver and reach the lungs which are the second most frequent site of cysts. 
Again some embryos pass through the lungs and enter the general circulation. 
Thus cysts may develop in any part of the body, but the total number in other 
organs and tissues is much less than the number in the lungs and liver. Cysts 
in different parts frequently coexist. 

8. Hydatid cysts grow by quiet pressure necrosis of surrounding structures 
and any tissue may become seriously eroded, including bones and blood vessels. 

DIAGNOSIS 

Simple cysts are usually latent and may only be discovered by the finding 
of a swelling, or by routine radiography of the lungs. Sometimes there may 
be symptoms from pressure, but as a rule symptoms are due to the anaphylactic, 
mechanical, and infective sequels of rupture of the cyst. After its rupture a 
hydatid may mimic many other conditions; for example, a ruptured cyst of the 
lung may be mistaken for neoplasm, tuberculosis, and other infections; and a 
ruptured cyst of the liver is often mistaken for cholelithiasis or one of the 
various types of jaundice. If the possibility of hydatid disease is remembered 
the diagnosis can often lie made by certain tests and examinations and by 
correctly interpreting anaphylactic phenomena. 


ANAPHYLAXIS 

Anaphylaxis is responsible for most of the alarming symptoms that follow 
rupture of a hydatid cyst; it is due to the absorption of hydatid antigen in a 
person who has been alreaclj' sensitized by the small dose that he receives dur¬ 
ing the development of the cyst. Tlie patient may lie so sensitive that even the 
small amount of antigen used for the Casoni test may produce alarming s^^np- 
toms. These symptoms are very variable and only rarely do all possible'ones 
appear m the one patient; Cufaiifons (ra.she.s, itchinc.ss, and sweating), AJimen- 
ianj (vonutmg diarrhea, and colic), licspiratonj (asthmatic attack, evanosis 
cdoma of the lungs, and glottis), Cardiovascular (pallor, taehvcm-dia Td 
collapse), and ^crvous (pyrexia, fit-s, delirium, and coma). 
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organ that they reach 1)y direct iinphmtation or l)y tlic Idood stream. Cysts 
which develop from ova are called primary ey.st.s, and eyst.s Unit dcveloj) from 
scolice.s are called secondary cysts. The essential difference between them is 
that iirimary cysts develop from eggs i)asscd l)y the final host, and secondary 
cysts develop in the intermediate host direct from scoliees that ])ass no part 
of their life in the final liost. 

Scticiue of ttio Life History of tlie P-imsitc 
Tueuia cdiinococcus iu (tefinitivc 

Sccoiularj’, or 
- daiigliter cysts, in 
intermediate host, 

■without passing 
, through definitive 
liost 

'I' i 

Primary lij’datid cyst in intermediato liost, 
usually man or sheep 

Daughter cysts are exact replicas of their mother; they all consist of two 
layers, the eelocyst or laminated membrane and tlie cmlocyst or germinal layer. 
Tiie ectocyst is made of snccessivc layers of clastic Ivynlitii derived from the 
endocyst. Prom the inner face of the endoeyst which has a fine, nucleated struc¬ 
ture, grow the brood capsules with their scoliees; this layer also secretes the 
watery fluid whicli is characteristic of the hydatid cyst. The ])arasitc jirovokes 
a local reaction around itself, and the host responds by laying down a fibrous 
barrier called the ])crie.vst or adventitia, whicli tends to become fliiclcer aucl 
tougher with ago. It has no organic connection witli the cyst itself. 

There is still some confusion about the u.sc of these terms and it is es.sentinl 
to note that the adventitia or perieysV is i>arl of the host and that tlvc ectocyst, 
endoeyst, the enclosed fluid, and live elements make u]) the parasite. A c.vst is 
described as simple when it still retains its original virginal .state, and com¬ 
plicated wlicn it has suffered injury, rupture, and infection. 

Certain biologic features influence the incidence of the disease and its 
distribution in different organs: 

1. The ova are hardy and resistant; the scoliees are delicate and labile. Iu 
practical terms this means tliat tiie interniccliatc host may become infected long 
after the ova have been excreted by the clog; hut the clog will become infected 
only if he eats the scolex-bearing cysts while they are still fresh and unru])tiirecl. 

2. Only a small percentage of human beings, clogs, and sheep are susceptible 
to infection. 

3. Many ova that reach the intermediate host fail to develop into cysts and 
many cysts abort at an early stage. 

4. The distribution of cysts in the bod.v varies from country to country 
and from species to species. In Australia and New Zealand about 23 per cent 
of the cysts in human beings occur in the lungs; in Iceland the percentage 
given by Icelandic investigators is only 1.5 per cent. Cattle have proportion¬ 
ately more pulmonary cysts than sheep, and pigs have fewer. Cysts are rare 
in tim horse, ai^d a very high percentage of them occur in the liver. 


host^ iiSunUy tlio (log 

r 


Ova 


Scolico.s 

(Tape worm lica 
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0 . The parasite may die at any time for no apparent reason, or as the result 
of rupture or pyogenic infection. It may become a caseous mass very like a 
tuberculous focus. 

6. The rate of giwvth of these cysts is not known. It has often been said 
that most patients become infected in ehildliood although the disease niaj not 
be diagnosed xmtil adidt life. But radiologx' has shown that a hydatid cyst 
mav become apparent in a matter of months; if infection did actually occui in 
childhood in these pei’sous, then for many years the cysts were too small to east 
an appreciable shadow and then they suddenly took on rapid growth. Furthei- 
more daughter cysts may appear in radiograms taken during the first x ear after 
rupture of a mother cyst. It is probable that primary and secondary cysts 
have different rates of growth and the rate of growth varies from animal to 
animal, as well as in the same animal. 

7. It is not known when and where the ova hatch out. But we do 
know that the embryos enter the portal circulation and that explains why most 
hydatid cysts are foimd in the liver. One or more embryos may pass tlu-ough 
the liver and reach the lungs which are the second most frequent site of cysts. 
Agaui some embi-yos pass through the lungs and enter the general circulation. 
Thus cysts may develop in any part of the body, but the total number in other 
organs and tissues is much less than the number in the limgs and liver. Cysts 
in different parts frequently coexist. 

8. Hydatid c.vsts grow by quiet pressure necrosis of surroimding structures 
and any tissue may become seriously eroded, including bones and blood vessels. 

DL\GXOSIS 

Simple cysts are usuall.v latent and may only be discovered by the finding 
of a swelling, or by routine radiography of the lungs. Sometimes there may 
be symptoms from pressure, but as a rule sjuiiptoms are due to the anaphylactic, 
mechanical, and infective sequels of inpture of the cyst. After its rupture a 
hydatid may mimic many other conditions; for example, a ruptured cyst of the 
lung may be mistaken for neoplasm, tuberculosis, and other infections; and a 
ruptured cyst of the liver is often mistaken for cholelithiasis or one of the 
various tj^ies of laundiee. If the possibility of hydatid disease is remembered 
the diagnosis can often be made by certain tests and examuiations and by 
correctly interpretuig anaphylactic phenomena. 


AX.VPHYLAXIS 

Anaphylaxis is responsible for most of the alarming sjuiiptonis that follow 
rupture of a hydatid cyst; it is due to the absorption of hydatid antigen in a 
pei-son who has boon already sensitized by the small dose that he receives dur¬ 
ing the development of the cyst. The patient may be so sensitive that even the 
small amount of antigen iwed for the Casoni test may produce alarmiim svmp- 
toms. These symptoms are very variable and only rarely do all possible'ones 
apiicar in the one patient; Cutanrnu!: (rashe.s. itehine.ss. and sweatiim) Alimeii- 
bn-g (vomiting diarrhea, and colic). licspiratonj (asthmatic attack, cvanosis 
edema of the lungs, and irlottis). Cardiomdar (pallor, tachvcardia and 
collapsel. and .\crrnits (pyrexia, fit.s. delirium, and coma). 
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It is important to remember that even in severe cases there may be no 
telltale rash. Recovery is the rule but there may be a repetition following fresh 
rupture or operation. The anaphylactic symptoms may be so slight that they 
are overlooked or forgotten and the patient presents with the mechanical or 
infective sequels to the rupture, or peiliaps only still later with evidence of 
daughter cj^st formation. 

SPECIAL EXAMINATIONS AND TESTS 

1. If a cyst ruptures into the bronchial tree hydatid elements may be found 
in the sputum. If it ruptures into the biliary tract, hj’datid material may 
be recovered from the feces or from duodenal washings, and if it ruptures 
into the urinary ti’act, the material may be found in the urine. A suspected 
C 3 'st should never be delibcratel.v ]nincturcd because of the risk of spread and 
of anaphj’laxis, but if a puncture is made in error, advantage should be taken 
of it and the fluid should be examined. If a pulmonaiy c.vst has ruptured into 
the pleural cavitjq hj'datid elements maj' be recovered from the aspirated fluid. 

2. Differential white cell count of the blood. Eosinophilia is found in about 
half the patients before operation. It has no direct diagnostic value, but it is 
suggestive in a suspected ease when other common causes of eosinophilia arc 
excluded. 

3. Casoni intradcrmal test.^ This is a test for anaph.vlaxis, the test being 
positive in a patient who has been sensitized to the hydatid antigen. The reagent 
is pooled hj’datid fluid from uncomplicated e.vsts of sheep. Immediate and 
delaj'ed reactions are looked for: 

a. An immediate reaction is of value only before tlie first operation, and it 
occurs in about 75 per cent of patients with uncomplicated cj'sts and 92 per cent 
with complicated cysts. 

b. Failure to react practically excludes a ruptured or suppurating cyst 
and means an absence of anj^ cyst in 95 per cent. 

c. A positive reaction maj' persist for j'ears after operation without fresh 
infestation; a negative test after operation usuallj'- signifies a cure. 

d. An immediate positive reaction does not certainlj’^ mean hj’datid disease, 
as it maj^ occur in certain skin diseases, allergic states, and other helminthic in¬ 
fections. 

e. The delayed reaction occurs in onlj" one-quarter to onc-lialf of patients 
before operation, but it is practically diagnostic. It is of no value in the 
diagnosis of recurrent or residual cj'Sts. 

4. Complement fixation test. This is a specific test for antibodies and is 
positive in 50 to 60 per cent of patients before their first operation and in about 
the same percentage of patients with recurrent or residual e.ysts a .year or more 
after operation. The pathologic state of the cj^st influences the result of this 
test: 

a. With uncomplicated cysts it is more often absent than present. 

b. It is almost always positiye ivilhin a month of rupture or infection, but 
may become negative within two months of these complications. 

^hc ncnies clven hcic ate ba'tod on Dew and other aiithois. In my C-xperlenee there 
have been more negative and fewer positive lesults. 
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c. With early degeneration of a cyst it may be positive, but vith complete 
degeneration it is negative. 

d. A high figure in a patient who has liad no operation usually means 

that the cyst is complicated. _ 

e. A high figure nine or more months after operation is almost diagnostic 

of more cysts, and a negative result three months after operation almost cer¬ 
tainly spells cure. 

f. A negative result excludes recent rupture or suppuration (except when 
the cyst contains no antigen). 

5. Precipitin test. The results of this test follow closely those of the com¬ 
plement fixation test; it is not favored nowadays because of the difficulty of 
obtaining satisfactory antigen. 



Eia. 1- Fig. 2. 


, E'S- 1-—There is one large hyUatid cyst in the riglit lung and two smaller cysts in the 
lelt lung. 

E'S. 2.-—Tlie cyst has ruptured and the parasite has heen expectorated, leaving an ill- 
dcllned o^city. This later cleared completely and it has remained clear in the ensuing seven 
years. (This is a case of probahie cure by expectoration.) 


UADIOLOGIC AFPEAU.VNCES 

Puhno}iai'i/ Cysts .—A well-defined, rounded, or oblong opacitj- in the lung 
field is characteristic of the simple uncomplicated hj-datid cyst (Fig. 1). A 
similar shadow may be given by a peripheral cancer, a nerve tumor, a mediastinal 
dermoid, developmental cyst, a chronic lung abscess, diaphragmatic hernia, 
metastatic malignant deposits, or an aneurysm. When a hydatid cyst ruptures 
into a hronchiis the definite regular outline is lost and tliere may be a blurred 
sbadow tliat can be mistaken for a tuberculous focus, a lung abscess, or car¬ 
cinoma (Fig. 2). Often a more distinctive picture is given of a cavity with a 
iliiid level which is broken by the top of the collapsed cyst floating in it (Fi" 3) 
Occasionally all tlic fluid and some or all of the parasitic membranes wUl he 
cxpoetoraled ami leave the cyst cavity distended with so much air that it 
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resembles a piienmotJiorax or a developmental lung cyst (Fig. 4). Occasionally 
calcification may be detected. If rupture occurs into the pleural cavity the 
radiologic appearances may resemble any kind of pleural effusion. Sometimes 
the cyst is still distinguishable through or above it. xVn effusion is rare apart 
from rupture (Fig. 5). Bronchograms are rarely helpful and tomograjiliy has 
not yet been evaluated. 



Fig- J. Fig 4 


Pig. 3—The cyst has ruptuied and there remains a pocket of an abo\e a collection of 
fluid and collapsed membranes 

Fig. 4.—Rupture of the cyst has left a large air-dictended space 

Hepatic Cysts .—Calcification is more common in liver cysts than in lung 
cysts; it is well shown in radiograms and is praetically diagnostic. In the 
absence of calcification there may be the indirect evidence of a raised, distorted, 
or partly paralyzed diaphragm (Fig. 6). If the cyst becomes infected with gas¬ 
forming organisms or if it ruptures into a bronchus, the x-raj- appearances are 
those of a cavity with air and a fluid level. At other times rupture of an 
hepatic cyst into the lung may produce all kinds of bizarre pictures, some of 
which have been compared to a volcano in eruption (Fig. 7). A hepatic cy.st, 
without directly involving the thorax, causes a pleural effusion more frequently 
than does a pulmonary cyst. A diagnostic pneumoperitoneum may help to 
distinguish between a hepatic cyst and a pulmonaiy basal cyst. 

Cysts of the Heart and Pericardium.—The radiologic appearances are not 
characteristic. There will be an increase in tlie size of the usual heart shadow 
if the cyst is sufficiently large. If the cyst is at the periphery there will be a 
round shadow continuous with the heart shadow and under the screen trans¬ 
mitted pulsation may be evident (Fig. 8). 
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COAIPLICATIOXS OF PEEAlOXARY CYSTS 

A. Bupfure Info a Bronclnis.— Most cysts of tlie liuig if not operated on iriU 
break into a bi-oncbns by pressure necrosis. This may result m cure by expec¬ 
toration but often it ends in morbidity or disaster. The immediate sequels of 



Fig, 



Fig. 5.—Tlie cyst has ruptured into the pleural cavity. There is a pyopneumoUioras and 
the collapsed cyst can be seen in the lowest part of the chest. 

Fig. 6.—This is a hepatic cyst pushing tlie diaphragm upward. It could be mistaken 
for a pulmonarj* cyst: pneumoperitoneum may help to distinguish one from the other. 



?*• - 

V '-^This i? an hepatic cyst eroding the diaphrairm 
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rapture may be; a. Asphyxia from impaction of membrane in tlie trachea 01’ 
larynx, or from flooding- of both bronchi with the Iluid from a large cyst, b. acute 
anaphylactic shock, and c. hemorrhage, whicli is rarely severe. 

Later results arc: a. Ifelention of all or some of the membrane, fluid only 
being coughed up. This fluid may later have an orange-yellow color, wliich is a 
diagnostic pointer (Fig. S). in Infection of the cyst space, often associated with 
recurrent hemoiityses. c. Development of daughter cysts in one or both lungs 
from scoliccs that were dispersed through the bronchi at the time of rupture 
(Pigs. 9 and 10). d. Development of daughter cysts in the original cyst space, 
e. Distension of the cyst space into an air cyst (Fig. 4). 

Sometimes the rupture is little more than a small leak; this may close and 
the life of the parasite continue unchanged. 



Fig-. S. Fifr. 10. 


Fip. 9.—Hero ts a lupturecl cyst of tlic left upper lobe. The collapsed membinnes are 
at the bottom _nnd a large air si)aee is above them. All the Cuici was expelled. 

Fig. 10.—Tills radioBiam was taken one and one-half ycnis after operation on the 
cyst shown in Fib. S. Three simple cysts aic well seen (four were found at operation). 
They are almost ceitainly daughter cysts due to tlie Intrnbroncliial spread of scoliccs. Slie has 
since couglicd up nnotlicr. 

B. Rupture Info the Pleural Cavity .—The setiuels of this event are: a. 
Pneumothorax, h. Empyema or pyothorax, and c. Development of daugliter cysts 
from the spilt scoliccs. 

Immediate operation may prevent the last two complications, but often 
the patient does not come to surgery until one or both are already present. If 
infection occurs early all the scoliccs may die and so tJiere will be no daughter 
cj^ts. If infection is delayed, daughter cysts may have already developed and 
they continue to live, in spite of tlie sepsis. The diagnosis of intrapleural 
rupture is often missed at first and may not be made until examination of 
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aspirated fluid reveals booklets and many eosinopbils. Sometimes the cyst 
fails to rupture when the perieyst gives way and the intact parasite continues 
to thrive in the pleural cavity, acquiring a new perieyst in time. 

C. Bttpiure Info the Yascular System .—^Rupture of a pulmonary cjst into 
the pericardium, heart or pulmonarj’ vessel is rare. The results of intravascular 
rupture of a hydatid cyst are described later. 

OPERATIVE TRE.4TMENT OF PULMONARY HYDATID CYSTS 

Every hydatid cyst in the lung should be removed unless there is some good 
reason for advising against operation. The present operative mortality lies 
between 1 and 2 per cent, and the risk is less with small and simple ej’sts than 
with large or complicated cysts. It is true that a natural cure may follow 
rupture into a bronchus and expectoration of the cyst, but the dangers attending 
this rupture are, as already stated, too great to justify waiting. There are also 
the dangers of rupture into the pleural cavity and vascular system. For these 
reasons operation should he advised as soon as the diagnosis is made. 

The objects of operation are: 

(1) Complete removal of the cyst, (2) avoidance of soiling and infection, 
(3) obliteration of the space which the cyst occupied and closure of bronchial 
fistulas, and (4) prompt re-expansion of the lung. 

The types of operation are: 1, Conservative. Removal of the parasite 
alone, or with the perieyst (adventitia). 2. Eadical. Resection of the lung 
or part of the lung. 

Conservative surgery suffices for almost all simple cj’sts and for most com¬ 
plicated cysts. Radical surgery may be necessaiy for a simple cj’st if serious 
hemorrhage occurs during a conservative operation, or if it has replaced most 
of the lobe (giant cyst)—a doubtful indication. 

Radical surgery may be required for a complicated cyst for recurrent 
hemoptysis, for gross sepsis in and around the cyst, and for troublesome bron¬ 
chiectasis. 

In practice, I have personally never done a radical operation for a simple 
cyst, and I have done it only three times for a complicated cyst, each time 
because of recurrent hemorrhage. Radical surgery is justified if the diagnosis 
is uncertain and the surgeon Imows only that there is an undetermined radio¬ 
logic opacity and a “lump ’ in the lung. Radical surgery by resection will not 
be discu.ssed in detail as it is the standard dissection operation, but it may be 
unusually tedious because of dense adhesions. Pneumonectomy will be rarely 
rcquircd, and at the most only lobectomy should be called for. Conservative 
operations merit further discussion. 


CONSERVATIVE OPERATIONS FOR HYDATID CYSTS OF LUNG 
ttimplc Cysts .— 

1. Removal of the parasite alone. This may be achieved in two wavs: 



120 


THE JOURNAL OF THORACIC SURGERY 


a. Eemoval After Aspiration. The cyst is exposed through a compara¬ 
tively small incision if it is adherent to the chest wall and has been correctly 
localized, or through a wide thoracotomy if it is not adherent, or not easily 
accessible. The advantages of operating through an adherent zone are that there 
is no risk of pleural soiling and there is no pneumothorax to be dealt with. But 
a free thoracotomy is so safe nowadays that it should be used without hesitation 
if it is necessary or helpful. The cyst is carefully isolated from surrounding 
structures and a medium bore needle connected to a sucker is pushed into it 
and as much fluid as possible aspirated. A second sucker with a small flat 
nozzde is immediately placed alongside the needle puncture to pick up any fluid 
that may leak through it. With the.se precautions there is little risk of any 
soiling by hydatid material. When no more fluid can be aspirated the needle is 
withdrawn, with precautions taken against anything dripping from it. 

The lax pcricyst is opened between two holding forceps and the membranes 
are removed. The inside of the jicricyst is inspected with a light: generally it 
will be found rough but clean and one or more small bronchial fistulas will be 
seen. These fistulas are closed and the cavity of the pcricyst obliterated by 
placing a continuous suture of catgut in the deepest part and going back and 
forth, each time at a higher level, until the walls of the space are closely approxi¬ 
mated. If the last suture line is adjacent to the chest wall it is fixed to it by 
the same or a fresh suture; but if the suture line does not face the periphery, 
the lung is allowed to drop back. Tlic object of attaching the pcricyst to the 
chest wall is that it will be readily accessible if hemorrhage or infection should 
occur in it necessitating drainage. If there is a free pleural space a drainage 
tube, for connection to a water seal, is inserted through a stab wound. This is 
to promote rapid e.xpansion of the lung, to anticipate possible soiling or infec¬ 
tion and to avoid a tension pneumothorax should any bronchial fistula not have 
been securely closed. The tube can usually be removed within several days and 
recovery is generally prompt and uninterrupted. 

I emphatically disagree with the dogmatic .statement of Ban-ett and Thomas" 
that this type of operation “is bad and should be given up.’’ It is safe and 
simple; it is suitable for most cysts; and with care, soiling can be avoided. 

b. Eemoval of the Parasite Intact. In this method the hydatid fluid is not 
aspirated. The cyst is carefully insulated and an incision is made in the peri- 
cyst down to, but not into, the parasitic membranes. By careful dissection and 
by having the anesthetist raise the intratraclieal pressure, it is possible to 
remove the cyst intact. If it succeeds it is a most satisfactory operation as no 
soiling can occur. The rest of the operation is the same as in the one already 
described. There is an appreciable risk of accidental rupture of the cyst 
during this attempt to remove it intact and if rupture does occur the risk of 
soiling ^vith hydatid elements is much greater than in the operation of first 
aspirating the fluid. I and otlier .surgeons have done tlie operation successfully 
without rupturing the cyst since Barrett^ suggested it, but most of us, like 
Barrett, have had the cyst rupture on us, and I doubt whether the successful 
cases justify the risks of failure. 
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In discussing these two operations Barrett and Thomas^ emphasize the risk 
of contamination hr aspirating the cyst before removing the membranes, but 
thev also say that if the cyst ruptures during the attempt to remove it intact, 
“tlie patients were no wome off than if they had been treated by other ways.” 
It is difficult to reconcile these views, because inadvertent opening of the cyst 
spills much more fluid than ever escapes with deliberate aspiration. If soiling 
occurs, it is too early to say that daughter cysts will not develop until some 
yeai-s have passed. 

GompUcaiecl Cysts.—The second of these two operations is not applicable to 
a complicated cyst, because, hamng already ruptimed, it is no longer intact. 
The first operation can be applied if allowance is made for the fact that aspira¬ 
tion is ineffective now that the cyst has ruptured; at the most only a trace of 
turbid fluid will be discovered. With the usual precautions against soiling the 
pericyst is opened and the collapsed membranes with any residual fluid or 
daughter cysts are removed. The cyst space, after gentle swabbing, will usiially 
be clean enough to obliterate and close, but if it appears to be too dirty a 
drainage tube is left in it for a day or two. The pericyst is fixed to the chest 
wall if possible and the pleural cavity is drained in the usual way. 

2. Eemoval of the cyst with its pericyst. 

This operation is suitable for both simple and complicated cysts, and it offers 
the best chance of avoiding soiliug. I had my fii-st experience with it three years 
ago when I was operating on a girl with five cysts in the left lung due to intra- 
bronchial spread after rupture of a cyst of the right lung.^ 

In this report no operative details were given but they are of interest for the 
present discussion. None of the cysts was more than one inch in diameter and 
all were near the surface of the lung. One ruptured during the attempt to 
remove it intact after incising the pericyst. Bach of the remaining four was 
removed intact with its peiicyst and this proved to be a very satisfactory 
procedure which I have used since for similar small c.vsts. I did not employ 
it for larger cysts until stimulated by Barrett and Tliomas,= who state that the 
larger the cyst the easier it is to enucleate with its adventitia. This may be so, 
but to me it is more of a major procedure when the cyst is large and buried 
in the lung substance than when it is small and superficial. This is a better 
operation than removal of the parasite alone because: a. The risk of soiling 
is less. b. With proper selection it can be used for both simple and complicated 
cysts, e. It may replace lobectomy in suitable cases. 


SCMM.VRY OF TREATMENT OF PELMOXARY CYSTS 

1. The best operation for most .simple cysts consists of aspiration of the 
fluid, removal of the parasitic membranes, obliteration of the cyst space and 
drainage of tlie pleural cai-ity. With care there should be no soiling 

2. :\rost complicated cysts do well with a similar operation 11-^11 suitable 
modifications. 


d. If the surgeon, from choice or neee.ssily. 
intact, ho can do it most surely by enucleating it 
by reinovijig the parasite alone. 


decides to remove the evst 
with the pericyst rather than 



122 


THE JOURNAL. OF THORACIC SURGERY 


OPERATH’E TREATJIENT FOR RUPTURE OF CYST INTO THE PLEURAL CAVITY 

Conservative surgery ivill usuallj’’ suffice for this serious complication and 
the earlier it is done the better. The objects of the operation are: (1) to 
remove all parasitic material from the lung and pleural cavity, (2) to close any 
obvious broncljial fistulas, and (3) to drain the pleural cavity and to have the 
lung re-expanded as soon as possible. 

Even when sepsis and/or daughter cj'sts are present these measures wll 
generally succeed. I do not agree with the suggestion of Barrett and Thomas 
that rupture of a pulmonaiy cyst with tlie formation of daughter cysts in the 
pleura should be treated by pleuropneunionectoiuy." 

CVSTS OF THE DIAPHRAGIM 

Between 5 and 6 per cent of hydatid cysts occur in muscles. As these have 
been infected through the blood stream it is not surprising that most of the 
patients have or have had cysts in the liver or lung. They start as ordinaiy 
simple cysts but most of them have daugliter cysts by the time they are dis¬ 
covered. 

The diaphragm is a rare site and I have reported the only one that has 
come to my notice.^ It occurred in a patient, aged 63, who complained of a 
dry cough and pain. He said that he had coughed up blood several times in 
the past and this may have been due to cysts in the lung. Kadiograms showed 
an irregularly rounded shadow in the right cardiophrenic angle. At operation 
a hard mass was removed intact with a fringe of the diaphragm and pericardium. 
It was not connected to the heart, lung, or liver, and no cysts were found in 
these organs. The specimen consisted of a fibrocalcareous ivall enclosing turbid 
fluid and necrotic debris; microscopic examination showed that it was a degen¬ 
erated hydatid. Operation is the only treatment and often it will pi-imarilj" be 
an exploratory thoracotomy for an undiagnosed mass. 

CYSTS OF THE HEART AND PERICARDIUM 

j\Iost lydatid cysts of the heart are primary, the embryo having reached the 
heart muscle through the coronary circulation. Natural cure maj’’ occur here as 
elsewhere through death and inspissation of the cyst and it may be found at 
autopsy in a person who has died of some unrelated condition. Apart from 
this, hydatid cj'sts of the heart may be curiously latent, and there have been 
many cases of sudden death from rupture of an unsuspected c.yst. Cardiac 
hydatids are as amenable to surgery as cysts elsewhere, and with the increasing 
use of mass radiography more and more should be discovered before serious 
complications occur. Two successful operations have been reported reeentljL^' ® 

If left alone the c.yst usuall.y ruptures into the pericardium or into a heart 
chamber. 

Rupture Into the Pericardium .—This may cause sudden death. If the 
patient survives he will suffer from severe pain, d.vspnea, shock, and anaphjdaxis; 
and if he recovers from this stage, heart failure may develop from the mechanical 
effects of the hydatid fluid, secondary effusion and, still later, of daughter c.vsts. 
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The primary cyst in the heart may involute or become the seat of daughter 
cysts. If operation is not done immediately, rupture of daughter cysts maj 
cause a repetition of the same story. 

Rupture Into a Heart Cliamlcr.—lf. the patient does not die at once he 
will suffer from shock and anaphylaxis. As a rule he rvill recover from tMs 
and have another latent period. If the cyst was fertile, seoliees. and brood 
capsules will have been carried m the blood stream to distant parts arrd some 
of these will probably grow into daughter cysts, the location of which depend•^ 
on whether the rupture occurred into the right side or into the left srde of the 
heart. 

Rupture Into the Right Side of the Heart.—Seoliees and brood eapsules 
reach both lungs and some will develop into daughter cysts; it is characteristic 
that they are multiple, bilateral, and peripheral (Fig. 11). 



subject of this film collapsed suddenlj'. During- reco\ery he developed an 
rash, and hydatid tests v.ere positive, ICo hydatid elements could be isolated from 
the patient and no primary cyst could be discovered. Tliis film -was taken three years after 
E .j Fi\e cysts have been remo\€d from the left lung and he has since coughed up 

n>dalia material. There are at least three cysts in the right lung. This story is character* 
isilc of intra\ascular rupture of a hydatid cj'st. 


Rupture Into the Left Side of the Heart. —^letastatic cysts occur in periph¬ 
eral organs and the brain is the main suff’erer, hut the liver, spleen, and 
kidney arc also frequently affected. Many of these patients die from the cerebral 
complications. If tlie patient survives these catastrophes, daughter cysts will 
probably have developed in the primary cardiac cyst as a result of the rupture. 
At any time this may again break through to a heart cavity and the patient 
u-ill prol)ably die from acute anaphylaxis or from widespread embolism of 
daughter cysts. 

IIYD.VTID CY'.STS OF THE LIVKR 

Even very large cysts of the liver, if they are still simple, mav he latent and 
often an abdominal tumor is found by chance or during a routine examination. 
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Sointimes they cause symptoms by their very u-eiglit and size, but as ivitli 
cysts elsewliere symptoms usually mean that complications have occurred, 
due to rupture of the cyst. 

The rupture may be (a) into the biliary system, (h) into the ])eritoneal 
cavity, (c) into the thorax, and (d) less commonly into the vascular system, 
the alimentary tract, or the urinary system. These types of rupture may occur 
alone or in combination. A common combination is intrabiliary with intra- 
thoraeic rupture. 

A large hepatic cyst situated immediately under the diaphragm is of 
particular interest to the thoracic surgeon: 1. It may be mistaken for a 
pulmonarj- cyst. A very large cj'st may so thin out the stretched diaphragm 
that the possibility of it being an hepatic cyst is not considered. 2. It may 
simulate a pleural effusion and be aspirated, with serious results. 3. It may 
provoke a secondary pleural effusion. A pulmonary c.vst rarely does so. 4. 
Apart from an effusion, it may compress the lung. 5. Bulging of the lower 
part of the chest is more common with a hepatic cyst than with a pulmonary 
cyst. 6. A large hepatic cyst, especiall.v if it is in the left lobe, ma.v cause 
displacement of the heart. 7. An hepatic cyst may rupture into the thorax 
with disastrous results. The rupture ma.v occur into (a) tlie pericardium or 
mediastinum, (b) the lung and bronchial tree, or (c) the 2 )leural cavit.v. 

Before rupturing into the thorax the cyst has already probably ruptured 
into the biliary tract, leading to daughter c.vst formation and pyogenic infec¬ 
tion. There will, therefore, usually be a combination of abdominal and thoracic 
manifestations. The former occur first and var.v from slight digestive disturb¬ 
ances to epigastric pain Avith jaundice and enlargement of the liver. The 
thoracic manifestations vary Aiuth the site of rupture and the kind of rupture. 
Involvement of the pericardium and mediastinum is rare and onl.v the far 
commoner rupture into the lung and pleural cavit.v Avill be considered. 

Primary Bupiarc Into the FlcuraJ Cavity ^yithout Involvement of the 
Lnng. —This is rare because usually by the time that the final rupture occurs 
the diaphragm has become firmly adherent to both the liver and the lung. The 
sjTuptoms are a sudden tearing pain, with dyspnea and anaphylactic shock from 
which the patient may die. If he recovers he will soon show evidence of pleural 
irritation and infection, and the AvithdraAval of bile-stained pus AA'ith or Avithout 
hydatid elements clinches the diagnosis. As a rule, involvement of the pleura 
is secondary to the lung disruption caused by intrabronehial rupture of tlie 
cyst. 

Intrahronchial Buptnre. —This may come about in several Aimys: 1. The 
commonest Avay is direct spread to the bronchus by the shortest route through 
the lung substance. 2. The hepatic cyst may first lead to a pulmonaiy abscess 
before finalB’' communicating Avith the bronchial tree. 3. The first intrathoracic 
complication may be an empyema and this ma.A'' result in a bronchopleural fistula 
secondarily. 4. The hepatic cyst may cause a subphrenic abscess and this may 
later break into a bronchus, either directly through the lung or through the 
medium of an empj’’ema. 
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It must be emphasized that a hepatic cyst that ruptures into the thorax 
has probably already ruptured into the bile ducts and is the seat of daughtei 
cysts and seeondaxy infection. The rupture into a bronchus usuall}^ results 
in pain and the expectoration of bloody bilious pus with hydatid material which 
may be too disorganized to be recognized by the naked eye. Anaphylactic 
symptoms are common at this stage and may be repeated as fresh eruptions 
into the bronchus occur. Because rupture into other parts may complicate 
rupture into the bronchus and because the rupture into the bronchus itself may 
follow various courses, symptoms and signs follow no set pattern. 

A provisional diagnosis of intrathoraeie rupture of an hepatic hydatid can 
often be made by remembering its possibility, by correctly interpreting anaphy¬ 
lactic manifestations, and by clinical, biologic, and radiologic examinations. A 
certain diagnosis is made by finding hj'datid elements in the patient’s discharges. 

Daughter cysts are so much commoner in hepatic than in pulmonary cj'sts 
that if they are found in the sputum an hepatobronehial communication should 
at once he assumed. If bile also is found in the sputum all doubt is ended. 
Should sputum examination prove unfruitful a certain diagnosis may be made 
by the finding of hydatid material in the duodenal washings or in the feces, 
which is indicative of the intrabiliary rupture that so commonly precedes or 
accompanies the intrathoraeie rupture. 

TREATJIENT OF HYDATID CYSTS OP THE LIVER 

All hepatic cj'sts except dead and calcified ones should he operated upon 
as soon as possible and preferably before the onset of complications. The 
parasitic elements only should be removed, as attempts to excise the pericyst 
as well may result in disastrous hemorrhage; this is in contrast to a pulmonary 
cyst which can, as already stated, be safely removed with its pericyst if 
necessary. 

Simple cysts and cysts with intra-abdominal complications are best ap¬ 
proached through the abdomen, hly preference is for an oblique incision start¬ 
ing near the navel and passing upward and outward over the costal margin 
which may be divided, udthout opening the pleural cavity, if better access is 
required. A thoracic or thoracoabdominal approacli is resemud for simple cysts 
not accessible through the abdomen, and for cysts that hai’c ruptured into the 
thorax, 

TREATMENT OF SIMPLE CYSTS 

All precautions are taken against soiling, the cyst is punctured, formalin 
may be in.iected, and then as much fluid as po.ssiblc is aspirated; the pericyst 
IS opened and the membranes and any remaining fluid are removed. If tliere 
is any leakage of bile, drainage is e.ssential; but often the pericyst can be 
closed with safety; it should be stitched to the abdominal wall in ca.se it .should 
need reopening. I have turned the omentum into the cyst space and this has 
lU'oved its worth. 


TRn.STMENT OF CYSTS WUTH INTR.WABDOMINAL COMPLICATIONS 
The commonest of these complications is rupture into the bilarv tract and 
this must be discussed because of its frequent association with intrathoraeie 



124 


THE JOURNAL. OF THORACIC SURGERY 


Somtimes tliey cause symptoms by their very weight and size, but as with 
cysts elsewhere symptoms usually mean that complications have occurred, 
due to rupture oi the cyst. 

The rupture may be (a) into the biliary system, (b) into the peritoneal 
cavity, (c) into the thorax, and (d) less commonlj" into the vascular system, 
the alimentary tract, or the urinary system. These types of rupture may occur 
alone or in combination. A common combination is intrabiliary with iutra- 
thoracic rupture. 

A large hepatic cyst situated immediately under the diaphragm is of 
particular interest to the thoracic surgeon; 1. It may be mistahen for a 
pulmonary cyst. A very large cyst may so thin out the stretched diaphragm 
that the possibility of it being an hepatic cyst is not considered. 2. It ma.v 
simulate a pleural effusion and be aspirated, with serious results. 3. It ma.v 
provoke a seeondarv pleural effusion. A pulmonarv cyst rarely does so. 4. 
Apart from an effusion, it may compress the lung. 5. Bulging of the lower 
part of the chest is more common with a he])atie cyst than with a pulmonary 
c.vst. 6. A large hepatic cyst, especiall.v if it is in the left lobe, may cause 
displacement of the heart. 7. An hepatic cyst may rupture into the thorax 
with disastrous results. The rupture may occur into (a) the pericardium or 
mediastinum, (b) the lung and bronchial tree, or (c) the pleural cavit.v. 

Before rupturing into the thorax the c.vst has already probably ruptured 
into the biliary tract, leading to daughter cyst formation and pyogenic infec¬ 
tion. There will, therefore, usually be a combination of abdominal and thoracic 
manifestations. The former occur first and vary from slight digestive disturb¬ 
ances to epigastric pain with jaundice and enlargement of the liver. The 
thoracic manifestations vary with the site of rupture and the kind of rupture. 
Involvement of tiie pericardium and mediastinum is rare and only the far 
commoner rupture into the lung and pleural cavity will be considered. 

Primary Euptvrc Into the Pleural Cavity Without Involvement of the 
Lung. —This is rare because usually by the time that tlie final rupture occurs 
the diaphragm has become firmly adherent to both the liver and the lung. The 
sjTuptoms are a sudden tearing pain, Avith dyspnea and anaplijdaetic shock from 
Avhich the patient may die. If lie recovers he Avill soon sIioav evidence of pleural 
irritation and infection, and the Avithdrauml of bile-stained pus Avith or Avithout 
hydatid elements clinches the diagnosis. As a rule, involvement of the pleura 
is secondary to the lung disruption caused b}' intrabronehial rupture of the 
cyst. 

Intrabronehial Eupture. —This may come about in several Avaj's: 1. The 
commonest Avay is direct spread to the bronchus by the shortest route through 
the lung substance. 2. The hepatic c.A^st may first lead to a pulmonary abscess 
before finally communicating Avith the bronchial tree. 3. The first inti'athoracic 
complication ma3’' be an empAmma and this maj'- result in a bronchopleural fistula 
secondarilj’". 4. The hepatic cj'st mar' cause a subphrenic abscess and this may 
later break into a bronchus, either directlj’’ through the lung or through the 
medium of an empjmma. 
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SCSM.Cv; HYDATlTl A>D EFFECTS OX THORACIC SERGEOX 

It must l)e emphasized that a hepatic cyst that ruptures into the ihoiax 
has probably already rupturetl into the bile ducts and is the seat of daughtci 
cysts aud secondary infection. The rupture into a bronchus usuall> results 
iu pain aud the expectoration of bloody bilious pus tvith hydatid material -which 
may be too disorganized to be recognized by the naked eye. Anaphylactic 
symptoms are common at tliis stage and may be repeated as fresh eruptions 
into the bronchus occur. Because rupture into other parts may complicate 
rapture into the bronchus and because the rupture into the bronchus itself may 
follow various courses, symptoms and signs follow no set pattern. 

A provisional diagnosis of intrathoracic rupture of an hepatic hydatid can 
often be made by remembering its possibility, by correctly interpretiitg anaphy¬ 
lactic manifestations, and by clinical, biologic, aud radiologic examinations. A 
certain diaanosis is made by finding hydatid elements in the patient s discharges. 

Daughter cysts are so much commoner in hepatic than in pulmonary cysts 
that if they are found iu the sputum an hepatobronchial communication should 
at once be assumed. If bile also is found in the sputum all doubt is ended. 
Should sputum examination prove unfruitful a certain diagnosis may be made 
by the finding of hydatid material in the duodenal washings or iit the feces, 
which is indicative of the intrabiliary rapture that so commonl.v pi-ecedes or 
accompanies the iutrathoracic rupture. 

TRE-ATMEXT OF HYD.ATID CY.STS OF THE UVEB 

All hepatic cysts except dead and calcified ones should be operated upon 
as soon as possible and preferably before the onset of complications. The 
parasitic elements only shottld be removed, as attempts to excise the perieyst 
as well may result in disastrous hemorrhage: this is in contrast to a pulmonary 
cyst which can. as alread.v .stated, be safely removed with its perieyst if 
necessary. 

Simple cysts aud cysts with intra-abdominal complications are best ap¬ 
proached through the abdomen. My preference is for an oblique incision start¬ 
ing near the navel and passing upward and outward over the costal mai^in 
which may be divided, without opening the pleural cavity, if better access is 
required. A thoracic or thoracoabdominal approach is reserved for simple cysts 
not accessible through the al>domen. and for cysts that have ruptured into the 
thorax. 

TUEATMEXT OF STMPEE CYSTS 

All precautions are taken against soiling, the cyst is punctured, formalin 
may be injected, and then as much fluid as possible is aspiratedthe perieyst 
is opened and the membranes aud any remaining fluid are removed. If there 
is any leakage of hOe. drainage is essential: but often the perieyst can he 
closed with safety: it shottld he stitched to the abdominal wall iu case it should 
need reopening. I have turned the omentum iuto the evst space and this has 
proved its worth. 


TREATIIEXT OF CYSTS WITH IXTEA-ABDOjnXAL COVIPUCATIOX-5 

The co^onest of these comnheations Ls rupture into tlie hUarv tract and 
.hr. must be discm^^ed because of its frequent association with intrathoracic 
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rupture. Treatment must embrace tlie cyst itself and possible obstruction of 
the duets yitli Jiydatid matter ivith or without cholangitis. As a rule the com¬ 
plete removal of the mother cyst and all daughter cysts udll suffice, but some¬ 
times it is necessary to remove debris from the bile duets and drain them. The 
removal of innumerable daughter cysts may he a tedious and heartbreaking 
operation, and it is not uncommon for nioi-e dauglitoi' cysts to drain away for 
many weeks or months afterward. 

TREATJIENT OF INTB.VTHORACIC SVPTURE 

Occasional cure by expectoration has been reiiorted but this is very rare 
and operation is necessary for toxemia, hemopt3's3s, infection of the lung and 
pleura, and for the hepatic cyst itself. 

The approach is primarilj" through the chest and diaphragm, with exten¬ 
sion into the abdomen if necessary. Here one is dealing witli a multivesieular 
infected cyst and more than one operation may be necessary to cure it and the 
thoracic extension. The ]nilmonary lobe may have to he removed if it is 
seriously damaged. On the other hand, evacuation and drainage of the cyst 
may suffice to close a less complicated hepatobronchial fistula. If the cyst is 
calcified drainage may continue indefinitely. 

hyd.'lTId cysts of the spleen 

Primary cysts of the spleen are comparatively rare and are usually asso¬ 
ciated with cysts in the liver and lung. They may come into the field of the 
thoracic surgeon because of bulging of the chest, pressure erosion of ribs, 
raising of the diaphragm, pleural effusion, compression of the lung, displace¬ 
ment of the heart, or rupture into the left lung or pleural cavity. The treat¬ 
ment for intrathoracic rupture aims at removal of the cyst contents and drain¬ 
age of contaminated areas. Because the spleen is ductless, suppuration before 
rupture is very uncommon, in contrast to the sequence in hepatic cysts. 
Splenectomy greatly increases the operative risk and is rarely necessary. The 
need for lobectomy is even rarer. 

hydatid cysts op the kidney 

Primaiy cj-^sts are as rare in the kidney as in the spleen but are more prone 
to daughter cyst formation and infection because of rupture into the urinary 
channels. A cj^st in the upper pole may involve the diaphragm, pleural cavit.y, 
and lung (especially on the left side). If the cyst breaks through to the 
bronchus and to the urinary cliaunels, hydatid elements may be found in the 
urine and sputum; the sputum may contain urine. The principles of treatment 
are the same as for intrathoracic rupture of other cysts and the surgeon may 
have to decide what to do as he goes along. Because of the urinazy contamina¬ 
tion and secondary infection, he should remove the kidney if possible, but lie 
may only be able to remove as much hydatid material as possible and drain 
the involved areas. 

CONCLUSIONS 

This paper is based on a personal series of seventy-eight hydatid c.ysts 
(sixty-six pulmonary, ten hepatic, one diaphragmatic, and one probable cardiac). 
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Some of the general features of hydatid disease are discussed. Cysts of the 
lung and heart most closely touch the thoracic surgeon but abdominal cysts 
with thoracic complications may also fall to his lot. hlethods of diagnosis and 
principles of treatment are discussed. The great tragedy is that this easily 
preventable disease is still prevalent. 

I have to thank my colleagues for some of the patients and some of the_ case 
records. I also ^vish to thank the clinical photographers of tliree hospitals for copies or 
radiograms. 
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DISCUSSION 


DE. H. BEODIE STEPHENS, San Francisco.—Eccently we have had occasion to 
see an annular density in the left lower lobe of a lady in the middle thirties. This abnor¬ 
mality was picked up on a routine screening examination. This mass resembled somewhat a 
bronchial cyst in the hilar area of the left lower lobe, and the chest x-ray film demonstrated 
that the abnormal area was lined by calcium. I should appreciate hearing Dr. Susman’s 
comments in regard to the possibility of eehinococcic disease producing such a picture in 
the roentgenograms. 

Bronehoscopic examination in this patient was negative. Exploratory thoracotomy 
revealed that the cystlike structure was located within the hilus of the left lower lobe. The 
wall of the mass was composed of a thin shell of calcium and the lumen of the cyst was 
fiEed with fresh blood. In order to remove the cyst it was necessaiy to perform a left lower 
lobectomy. The lumen of the cyst appeared to be a continuation of a portion of the lumen 
of the pulmonary artery to the lower lobe. 

The diagnosis would appear to rest between aneurysm of the pulmonary artery or some 
tj'pe of complicated cystic disease of the lung. I should appreciate very much hearing Dr. 
Susman’s comments with regard to this case, and to learn if he has encountered such a 
finding as a complication of hydatid disease of the lung. 

DE. PSEDEEICK G. KEEGIN, Toronto.—On this continent this disease is quite rare, 
and we are grateful to Dr. Susman for sharing his great experience with us. In Toronto, 
the disease is exceedingly rare in the lung, hut of recent years we have seen a certain number 
of cases among displaced persons, emigrants. One of these cases was certainly unusual. 

(Slide.) This 45-year-old man had come from Bumania and for three weeks liad had 
hemoptysis. He iiad a positive Casoni test and increased eosinophiles, so we had a definite 
diagnosis. At operation there was considerable pneumonitis in the area of the lower lobe 
occupied by the cyst. AVe thought it was not suitable for local conservative resection and 
performed lobectomy. 

in the^Tob^^ ™ inflammatory change 

(Slide.) The unusual feature of this case appears to be that 'this cyst lies in the 
posterior basic bronchus. You can see that the bronchial wall is Just outside the evst So 

of'thrbronrur tremendous eMasia 

disease.recognized form of the pathology of the 
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dr LOUIS R DAVIDSON, Ne\\ V^ork—Nine jears ago I presented before tins Asso 
ciation a paper entitled “Hjdatid Cj'-ts of the Lung”; it was based upon a peisonal ex 
penence with four ca=es Since Ten feu patients uith this disease of the lungs are seen 
in the United States^ lou will agree with me, I am certain, when I sai that it is bordering 
upon arrogance for a North American surgeon to discuss a substantial presentation such as 
that which jou haie just heard from Dr Siisman It is with great hesitancy therefore 
that I discuss this subject 

In anj eient, haiing studied tlie iiteratuie, particularlj as related to complicated cjsts, 
I shall present to jou the \ raj sign which permitted me, in one case, to make an unequivocal 
preoperativo diagnosis of In datid disease of the lung A pathognomonic \ raj sign is noted 
onlj when the cjst becomes complicated and strange as it maj seem it is complicated onlj 
when the adventitia is iniohed 

(Slide ) This, the outer later of the hjdatid icsicle, is the laminated layer The 
inner portion is the germinal lajer. It is obvious that there is a difference between a In datid 
vesicle and a In datid cjst The latter is a In datid vesicle plus the adventitia which is the 
perivesicular lajer which is laid down bj the host organ in which the vesicle resides Witliin 
the vesicle when it is not biologicallj sterile scolicses, hjdatid sand, and hvdatid fluid (aqua 
roca) are found 

With the aid of this lantern shde I shall attempt to indicate to jou the evolution of the 
condition which permits of an absolute preoperative diagnosis The cjst wall impinges 
upon a bronchiole rmallv the adventitial lajcr is eroded bi tins bronchiole and air escapes 
from the tracheobronchial tree between hjdatid icsiclc and the adventitia, therebj encircling 
the vesicle This produces a ‘‘perivesicular piieuma ” Now, if in turn the lavers rupture, 
air gets into the vesicle itself and produces what is known as a “double domed arch” FinaUv, 
when the membrane sinks onto the fluid this condition, a« represented in the slide, is known 
as the caiuolote foiniation One of Dr Susman’s slides showed this radiographic evidence of 
this complication 

Therefoie, with this desciiption of the evolution of a complicated cjst being kept in 
mind, I should like to show jou one case in which I was able, bj good fortune, to make the 
preopeiative diagnosis of a hjdatid evst of the lung (This patient was seen at the U S 
Marine Hospital, Stapleton, Staton Wand ) Varying diagnoses were made but fortunatelv, 
having le.ainod fioni the litciatiiio of this radiographic sign of complicated hvdatid cjst, 
the diagnosis was made pieopeiativelj Later when I operated the diagnosis was sub 
stantiated both macioscopnallv and niicroscopicallv 

It was a pleasure indeed to discu=s Di Siismaii’s most inteiesting and illuminating 

paper 

DR RICHARD II MEADE, Giand Rapids—^Di Susnian mentioned the danger of 
dissemination of the disease from spilling the contents of the cjst when it ruptures It has 
been niv impiession, fiom leading, that in a great niaiiv cases when a evst was opened 
inadvertentlj, an allergic loaction might occur In IflSl, in Philadelphia, I believe. Dr 
Phillips of Rochester gave a papci on tlus subject and pointed out that infestation wath this 
hvdatid was much more common in this countiv than we had realized Two veais later I 
assisted Dr Ravdin m an opeiation on an echinococcus cjst of the mediastinal pleura and, 
not suspecting the natuie of it, the evst was ruptured, and the pleuial cavitv was inundated 
with the fluid The patient made a complctelv uneventful lecovciv and has been well since 
so far as I Icnow 

I would like to ask Di Susmaii if the impression I have of the danger of an allergic 
reaction is coiroct 

DR AUSTIN H BELL, Oklahoma Citj —I should like fust to thank the Association 
for the privilege of the flooi Second, I wi«h to thank Dr Siisiiiaii foi tins paper, and al=o 
I wash to thank luni and liis fellow Australians who were of such help to us duiing the past 

Those of us who were at that time in the South Pacific remember quite giatefullj their 
efforts in relieving us in our island hopping campaigns in that area 



120 


SUSltAN: HYDATID DISEASE AXP EFFECTS OX TUOKACIC SURGEON 


Tliird, ^Ye had at Et. Benning, Ga., in the regional hospital, an Italian prisoner ot 
ivar Mho presented himself, as in Dr. Davidson’s case, with the diagnosis made when we 
saw him in consultation. The cyst had been aspirated by the medical service, under the 
impression that it was an amebic abscess. It was a large cyst of the dome of the liver, 
aspirated through the chest. AYo felt that it presented an emergency. It was approached 
transthoracically and, as Dr. Susman suggested, unless one wishes to get into a tremendous 
hemorrhage, these cysts must be removed from the compressed zone of the liver without at¬ 
tempting to remove the compressed zone of liver. During the exploration two additional 
cysts were noted, one in the anterior lobe on the right side, and one in the left lobe of the 
liver. These were later handled transabdoininally, satisfactorily. 

I would like to ask Dr. Susman whether the use of formalin, as suggested previously by 
older authors, had any additional value. Older authors suggested aspiration of the cyst, the 
injection of formalin, a weak solution, into the cyst, a wait of live or six minutes, and 
packing the surrounding area off ivith packs soaked in weak formalin solution. 

The nearest description 1 can give of these membranes in the liver Itself, is that of a 
footbaU in which the bladder is collapsed. We lift it out intact; a catastrophic hemorrhage 
will occur if an attempt is made to remove the zone of compressed liver. 

DK. LEO ELOESSEE, San Eranciseo.—A short stay in the Argentine, in Buenos Aires, 
convinced me of the superiority of resection, that is, removal of the cyst, as against the 
old methods of drainage and formalinization known to the South American continent as the 
method of Posada. 

I should like to ask Dr. Susman how accurate are the skin tests and complement fixation 
tests in the diagnosis of this disease. The disease is not entirely rare in California; it 
occurs among the Basque shepherds of the Sierra Nevadas not too infrequently. 

DE. ELLIOTT HAERISON, Vancouver.—I think this is a most appropriate paper, as 
I tliink we will probably see more of this disease in the near future than we have in the 
past. In British Columbia we had the first case of echinococcic cyst of the lung in 1948. 
I reviewed the cases admitted to the Vancouver hospitals for ten years prior to that 
(from 1938 to .1948) and there was not one case recorded in the two hospitals, wliioh aggre¬ 
gate approximately 1,800 beds. Since that time we have had eleven cases of echinococcic 
cyst of the lung and I believe we will see more, because a recent review of the animals in 
northern British Columbia by tlie Canadian government has revealed a large percentage 
of infection among dogs and among wild animals such as moose and elk. 

(Slide.) This represents the distribution of our first seven cases. You will note that 
they are all in the northern part of the province. Since then there have been three further 
cases, farther north than shown on this map. The eleventh case is a patient who was in¬ 
fected in Australia. Of the eleven cases, ten have been among North American Indians and 
two in whites—the one who was infected in Australia and the other a y-oung boy who lived 
in northern British Columbia. 

(Slide.) This is a typical case as shown in our series. They' have been treated in a 
manner similar to that described by Dr, Susman. There have been eleven operations, five 
with removal of the cyst, two lobectomies, and the remainder wedge resections. In two cases 
the cyst was ruptured but there have been no untoward results. There was no mortality' 
and all patients are well. ’ 

The next slides show some of the cysts wliich have been removed, and cases in which 
lobectomy was done. 

I would like to ask Dr. Susman if he places any reliability on the Casoni test and also 
on the eosinophile count. 


, SELEY, New York.—Having had experience with two echinococcus 

cysts of the lung, I was alert in looking for a third. A patient presented herself with a 
cysthke structure occupy-ing almost the entire right lower lobe. She unfortunately had 
tlio pathognomonic sign that has just been described by Dr. Davidson. However there was 
nothing else about her history to suggest eehinoeoceus disease. In searching furUier it was 
found that she had had a rather severe pneumonia one year prior to tliis admission 4t 
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operation tlie entire riglit loner lobe was found to be replaced by a large cystlike mass, and 
a lower lobe lobectomy was performed. The pathology consisted of a chronic burnt-out huge 
lung abscess and the contents of the cyst consisted of pure fungi without evidence of usual 
bacteria. 

In reconstructing this case it appeared that this patient had a chronic lung abscess and 
the cavity filled with fungi after the pathogenic bacteria had been killed off by antibiotic 
therap}'. The pathognomonic sign that is supposed to indicate ccliinococcic disease can and 
does occur in this condition. In fact, any cystic cavity which is almost completely filled vith 
debris, blood clot or inspissated material can produce the same roentgen sign. 

DE. SUSJIAIf (Closing).—Bronchoscopy as a rule is not helpful in hydatid disease 
but I have once made the diagnosis thus in a patient who had a ruptured hydatid cyst; I 
saw what I thought to be a foreign body in the bronchus and it turned out to be a piece 
of hydatid membrane. In another case a colleague removed what was left of the hydatid 
cyst and the patient made a rccoverj" without operation. 

Hemorrhage in any operation for hydatid cyst may occur unexpectedly in the lung 
as well as in the liver and may be one of the rare occasions in which lobectomy might have 
to be done for a simple cyst. It is very rarely, however, that it is necessary, because if the 
hilum is temporarily controlled with the finger the bleeding points can generally be found. 
Cysts of the lung can calcify as Dr. Stephens said, but I have never seen so thick a layer on 
a lung cyst. I would doubt if his patient had had a hydatid cyst unless the hydatid tests 
were positive. 

Dr. Kergin found inflammatory changes in the surrounding lung. They do occur but 
they are not irreversible, and I have been impressed by the fact that the surrounding lung 
recovers remarkably well and I repeat that, with rare exceptions, conservative surgery and 
not radical surgery is the correct procedure. Bronchiectasis is quite common and in a re¬ 
cent survey of the Hydatid Eegistry of some 500 cases in New Zealand and Australia quite 
a number had symptomlcss bronchiectasis found on bronchography. Host of the patients 
were followed for a long time and did not require further surgery. 

I am not quite in agreement with Dr. Davidson. A complicated cyst is one that has 
ruptured and probably, though not inevitably, has become secondarily infected. There may 
be no change whatever in the pericyst (the adventitia) or surrounding lung. That is a 
usual finding, I would say, even in infected cyst. 

Dr. Heade brought up the point of anaphylaxis. It is common; in fact the imme¬ 
diate serious symptoms following rupture are almost always due to anaphylaxis, and they 
may be repeated every time a cyst reruptures or if the patient is submitted to operation. 
Mediastinal hydatid cysts are rare. I have seen none, and I suggest that the one Dr. Meade 
had was in the pleural cavity although it might have seemed to be in the mediastinum. 

Dr. Bell’s resident aspirated one case, and that is a dangerous thing to do. Patients 
have died suddenly or have suffered severely from anaphylaxis and have sometimes ended up 
later with multiple daughter cysts. 

Formalin I did not mention. There is a tendency in Australia now not to regard it 
as absolutelv necessary and one certainly should not use it in a lung cyst because there 
is always a bronchial fistula and the patient may suffer from its irritation. 

The various hydatid tests and their significance are discussed in the body of my paper. 



SURGICAL CONSIDERATIONS IN FOCALIZED PULMONARY 

HISTOPLASMOSIS 

CoLON-EL James H. Forsee, Major Thomas F. Puckett (by ikvitatiox), and 
Colonel Frank E. Hagaian (by invitation) . JIedical Corps, Araiy 
OF THE United States 
Denyer, Colo. 

S INCE Februarv, 1951, the diagnosis of focalized pnlmonarv histoplasmosis 
has been made on thirty patients foUoJving surgical exploration of the 
hemithorax and the histopathologic examination of excised pulmonary and 
mediastinal lesions. Except for one case the diagnosis -was based solely on the 
morphologic characteristics of Hisfoplasma capsulatum demonstrated in the 
excised tissues employing the periodic-acid-Schiff (P.A.S.) stain.’^ 

For years foRoiving Darling’s original report in 1906, liistoplasinos s jvas 
considered a generalized and freqiiently fatal disease. At that time he sug¬ 
gested the name Histoplosina capsulatum for certain intracellular “protozoa’ 
he noted in tissues from a human autopsy he had performed in Panama." In 
recent years evidence indicates that histoplasmosis is a frequently encountered 
fungus disease often manifested in the lungs. It is rather common in a benign 
form.^"^ Our interest developed as a result of considerable experience in the 
surgical management of round pidmonary lesions such as the tuberculoma and 
coccidioidoma.®’ * As the focalized pulmonary lesions of histoplasmosis have be¬ 
come recognized there has been a marked decline in the incidence of pulmonary 
lesions classified as tuberculomas in -wliich the tubercle bacillus Avas not demon¬ 
strable, 

c.ASE reports 

Case 1.—This 30-year-old -white airman had been in the Regular Army or Air Force for 
tuelre years: he had Hved in Texas fire years and abroad in England, Germany, and the 
Philippine Islands for three years. A re-enlistment chest roentgenogram in Alay, 1950, revealed 
a round, discrete, 2 cm. area of increased density in the right lower lung (Eig. 1). Extensive 
clinical investigation revealed no evidence of active pulmonary tuberculosis or neoplastic dis¬ 
ease. In July. 1952, he complained of chest pain and cough with an unexplained weight 
loss of tliirty-four poimds during the previous six months. 

He had regained seventeen pounds by November, 1952, when he was admitted to Fitz- 
simons Army Hospital. He -was asynrptomatic. Chest roentgenogram revealed the findings 
previously described. The skin test revealed a two plus P.P.D. No. 1 and histoplasmin 1:1000 
was one plus. Coccidioidin was negative. Repeated examinations of the sputum were nega¬ 
tive for acid-fast bacilli and fungi. Bronchoscopic examination was negative. On December 
19, a right thoracotomy revealed a free pleural space and no hilar lymphadenopatby. There 
was a 2 cm., firm, round, discrete nodule located beneath a thick pleural plaque in the anterior 
mferior portion of the right lower lobe. The remainder of the lung was normal. Tliis nodule 
was removed by -wedge excision. 


Prom the Surgical and Laboratory Services. Pitzsimons Armv FTomifnl +i t-. » 

ment of Surger>-. Uni-iersity ot Colorado School of Medicine Hospital, and Die Depart- 

Read at the Tliirty-tliird Annual Meeting of The American As<:ocis>ti„r, r„.. m ■ r. 
Kery. San Francisco, Calif,, Marcli 27. 2S. and 30. 1953. rican Association for Thoracic Sur- 
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The cut surface of the nodule re\ealeil a dense fibrous nail, a laminated peripheral area, 
and a soft center (Fig. 2). ilicroscopically there uas an encapsulated focus of coagulatire 
pneumonitis uith a necrotic centci. Ilisloplasma cap>.ulatum nas identified in the necrotic 
material (Fig. 3). Smear and culture of the excised tissue \iere negatiic for acid-fast or¬ 
ganisms. The patient made an uneientful leeoiery and lias continued on full military duh. 



rig- 1 —Rounded aiea of inciensed density in right lowei lung field (Case 1) 




4 

Suigical specimen Pleural placme and laminated appeal ance of lesion denionstiated 
“ (Case 1). 
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Case 2. —A 20 year-old soldier was admitted to Fitzsimons Army Hospital July 21, 1951. 
after a duty tour of twenty six months in Panama. A routine chest roentgenogram had dis 
closed a 3 by 1 cm. cavitary lesion in the apex of the left upper lobe (Fig. 4). Xothing 
abnormal was detected on physical examination. Smears and cultures of sputum and gastric 
contents were repeatedly negative for M. tuberculosis and fungi. Complement fixation for 
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Iiifetoplasmosis vas positive in 1:20 dilution and negative foi coccidioidin. Bionchos- 
copy was negative. Tlie tuboiculin skin test was positi\e as was the Iiistoplasmin skin test 
while the coccidioidin was negati\e. 

Four months of bed rest, stieptomycin, and para aminosalicylic acid tlierapy resulted in 
no appreciable change in the casitary lesion. On B'o\einbcr 21, 1051, surgical exploration 
of the left thoracic ciuity levealed dense adhesions between the left ape.x and the parietal 
plciiia. 7’hese were scieicd. A tiim nodular area, approximately 4 cm. in diameter, was palpa¬ 
ble in the apicopostorioi area and resection of that segment was accomplished. The specimen 
contained a 3 by 1 by 1.0 cm. thin-walled carity containing yellowish necrotic material. Jfo 
bronchial communication could bo demonstrated (Fig. .5). 



Fig 5—Suigical specimen (Case 2) CaMty, left upper lobe 


Micioscopically the cavity was seen to bo composed of a dense wall of fibious tissue and 
was partially lined by bronchial epithelium. Accumulations of lymphocytes, epithelioid, and 
giant cells were seen peripherally. The central aica was composed of amorphous granular 
iiiateiial containing large luoiionnclear cells. Oiganisms morphologically identified as Ilisfo 
plasma capsiilaluvi were seen within monocjtic cells of the cavity wall. A fungus was cul- 
tuiod on biain heart infusion (Bill) media and intrapcritoneal inoculation of a suspension 
into mice produced histoplasmosis in the animals with tjpical intracellular organisms in the 
Inci and lungs. 

The age variation of tlie patients was from 20 to 48 years; twenty-eight were 
men and twenty-nine were Caucasians. It is of interest to note that 40 per cent 
had resided in Panama (Table I). 

The divergence of opinion regarding the significance of the Iiistoplasmin 
skin test is not clarified by our case material.®-” The results of the skin tests 
are sliown in Table II. The negative reactor unfortunately did not have the test 
repeated. 

Complement fixation tests and collodion agglutination tests xvere performed 
by the Army Eesearch and Graduate School, Washington, D. C., on eighteen 
patients and the results are shown in Table III. The positive reactors with 
the highest titers were those in whom there was histologic evidence suggestive 
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of “activity” as manifest by greater lymphocytic and plasma cell infiltration, 
more nnmerons epithelioid tubercles, and less extensive fibrosis. It is the opinion 
of some who have had considerable experience in the use of these tests that a 
titer of 1:40 or above for the complement fixation indicates the presence of a 
mjmotic infection.^= 

In this group of patients the symptoms were mild or absent. Fourteen of 
the thirty had no symptoms referable to the chest. In twelve the lesion was 
noted on a routine chest roentgenogram and in two the detection was made as 
a part of a studj* to ascertain the cause of epigastric distress. Among these, one 
patient had had roentgenographic evidence of the lesion for seven j'ears and 
two patients had had roentgenographic evidence of lesions for four years. Six¬ 
teen patients had symptoms referable to the chest such as hemoptysis, productive 
cough, chest pain, and moderate loss of weight. 

The roentgenographic findings were those of anj- other so-called round or 
ovoid density within the lung or mediastinum. Hilar densities 2 to 4 cm. in 
diameter were noted in five patients. A cavitary lesion was present in onlj' one 
patient, and moderate bronchiectasis coexisted on tlie side of the histoplasmosis 
lesion in one patient. 

Sputum smears and cultures of sputum and gastric washings were re¬ 
peatedly negative for acid-fast bacilli in all but one patient in whom sputum 
smears were positive elsewhere but were repeatedly negative at Pitzsimons. 
Smears and cultures taken from the surgically excised tissue were negative for 
acid-fast bacilli in all patients. With the use of the P.A.S. stain, Ilistoplasma 
capsulatum was identified in the excised pulmonaiy or mediastinal lymph node 
tissue in all patients. Cultures for Ilistoplasma capsulaiim were positive in only 
one patient. 

Although this organism is fastidious in its growth requirements, an explana¬ 
tion for the inability to culture organisms from tissue other than the cavitary 
lesion in this series is not clear. Othei’s have had difficulty in isolating the 
organisms from animals with experimental histoplasmosis.^^ Purculow^^ is of 
the opinion that organisms in calcified lesions are probabty not viable. Slight 
variations in the staining characteristics along with variations in the number, 
location, and morphology of organisms present in the healed or healing lesions 
in this series lead us to suspect that they are no longer viable. 

Histoplasma capsvlatum exists in two forms: (1) A yeastlike form found 
in infected tissues and (2) a mycelial form, presumably the form existing in 
nature. In tissue the organism is round or ovoid, 3 to 5 microns in diameter 
with occasional crescentic forms. It is usually intracellular but is occasionally 
extracellular. With the P.A.S. stain it has a well-defined limiting membrane 
that is stained brilliant red or reddish-purple and a central mass that usually 
stains bright red but is occasionally dark blue. There is a clear zone between 
the central mass and the limiting membrane. Organisms were present through¬ 
out necrotic foci and oceasionallj’ were seen within the ghost outlines of alveoli. 
Often there were clusters of four to ten organisms with a suggestion of the 



F0R5EE ET AL.; SURGICAL CONSIDERATIONS IN PULMONARY HISTOPLASMOSIS l3T 


remnants of a cellular outline about tbem. Elsewhere single organisms were 
diffusely scattered. The use of this selective stain and the oil immersion lens 
are essential for identification. 

The gross appearance of the pulmonary lesion was interesting. The pleural 
cavity in all patients u’as free of fluid. Adhesions ivere absent in most instances 
and of significance only in the one patient with a cavitaiw lesion. The lesions 
were ciremnseribed and solitary in eleven patients. The remainder contained 
two or more satellite lesions close to. or some distance from, the mam nodule. 
A plaque was eommouly seen on the visceral pleura overhing the nodular lesion 
and the pleura was often thickened and puckered. The consistency varied from 
firm or semifluctuant to hard and rubbery. The cut surface often revealed 
concentric laminations and the typical lesion was yellowish-gray to grarfsh- 
white irith a small central or eccentric yelloxvish necrotic focus. A n-ell-defined 
fibrous capsule enclosed material which was semifluid, friable, rubbery, or bard. 
None were calcified although flecks of calcium were frequently noted micro¬ 
scopically. In general, the lesions wei-e mdistinguisbable from similar granu¬ 
lomas due to M. tuberculosis and Cocdclioides hnmitis. 

The microscopic examination of the nodular lesions revealed a fibrous 
capsvde which was often hyalinized. Accumulations of Imnphoerfes. epithelioid 
cells, and occasional giant cells were adjacent to or within the capsule. Earely 
a bronchiole was seen in close association with the capsule. Central coagulative 
necrosis was present in which ghost ceU outlines and alveolar walls were often 
evident. Areas of necrosis were sometimes multiple, and adjacent epithelioid 
tubercles without central necrosis were occasionally seen. Adjacent pulmonary 
tissue presented patchy atelectasis and varying degi’ees of perivascular and 
peribroneliiolar fibrosis. There were foci of organizing pneumonia adjacent 
to the cavitaiy lesion. 

Puckett^ has separated the pulmonary lesions into four groups: (1) focal 
encapsidated pneumonitis without satellite lesions. (2) focal encapsulated pneu¬ 
monitis with smaller satellite lesions, (3) focal encapsulated pneumonitis with 
extensive involvement of the Ij-rapbatic channels, and (-1) carftary lesions. 

Enlai’gement of liilar nodes was not commonly observed during surgical 
exploration of the chest for parenchymal lesions. In tlmee patients moderately 
enlarged hilar lymph nodes were removed which contained RistopJasina capsu- 
lafinn. The lung tissue was not involved. In two patients both limg and lymph 
nodes were involved. 


C.VSE REPORT 


Case S.— This 34-yeaT-ola wliite male officer spent most of Iiis life in Nebraska and was 
in Korea for fourteen montlis prior to hospitalization in October, 1951, following the 
detection of a circumscribed 3 cm. area of density in the left lung field. He was asymptomatic 
Physical examination was negative. Bronchoscopy was negative. Skin tests were as follows- 
P. P. D. No. 1 was two plus, coccidioidiu one plus, and bistoplasmin two plus An exolontorv 
thoracotomy was performed at Fitzsimons Armv Hospital Nov 0 1051 and •> a ' v 
pleural, hard, rubbery, yellowish nodule with a moderatelv thick pleur^ planue was 
Three slightly enlarged, firm, mediastinal nodes were also removed S 6^ 

pair's. .p 

IS mat the lesions may represent a 
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primary complex of liistoplasmosis somewhat similar to the Haiihe complex of primary tuber¬ 
culosis. The organisms could not bo grown on cultuie. He had an unoicntful lecoverj- and 
returned to military duty. 



Fip. G.—-Parencliymal nodulo and hdai nodes: ncciotic aica.s picsent in nodes (Case 3) 

The surgical management required itulmonary excision by wedge excision in 
twenty-three patients. Two had lesions excised from more than one lobe, two 
were treated by segmental resection, two by lobectomy (right middle lobe), and 
the excision of hilar lymph nodes alone led to the diagnosis in tlirce patients. 
The side of the lung lesion removed was on the right in twelve instances and the 
left in fifteen. 

SUMMARY 

The focalized lesions of pulmonaiy histoplasmosis are often indistinguish¬ 
able from"neoplasm, tuberculoma, coccidioidoma, and other granulomatous lesions 
in their roentgenographic or gross appearance as well as clinical manifestations, 
and require surgical removal and histopathologic examination of the excised 
tissue for differentiation. The use of the periodic-acid-Schiff stain in the study 
of the excised tissue has greatly facilitated the identification of instojilasma cap- 
sidafnvi and with the identification of these organisms there has been a steady 
decline in the number of lesions previously classified as tuberculoma but in 
which the tubercle baeiUus could not be demonstrated. The inability to culture 
the organisms from the focalized lesions is probably due to their not being 
viable. The surgical excisions can generally be accomplished by wedge exeision 
of the lung tissue containing the lesion. There has been no evidence to indicate 
that dissemination of the disease results from surgical removal of the focalized 
lesion. The recognition of histoplasmosis "as a granulomatous pulmonary lesion 
often focalized and benign is a further aid in the diagnosis and therapy of the 
lesions within the lung and mediastinum, the nature of which cannot be ascer¬ 
tained without surgical exploration, removal of the lesion, and histopathologie 
examination of the excised tissue. 
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BILATERAL BRONCHIECTASIS 
A Clinical and Physiologic Evaluation of the Results of 
Surgical Treatjient 

Edgar P. jMannix, Jr., JI.D., Brooklyn, N. Y. (by inmtation), Francis 
Gerbasi, IM.H., Ann Arbor, Mich, (by innttation), Charles E. O’Brien, 
il.D., Dayton, Ohio (by invitation), Richard H. Adler, M.D., Buffalo, 

N. Y. (by invitation), W. Arnold McAlpine, M.D., Toledo, Ohio (by 
invitation), and Harder Kerr, il.D., Pueblo, Colo, (by invitation) 

I N jMANY of the ptihlislied results of extensive lung resections for lironclii- 
ectasis, emphasis has been placed upon the incidence of such complications 
as hemorrliage, shock, bronchopleural fistula with empyema, and pulmonary in¬ 
fection with excessive secretions. Advances in the teclniiqiie of liilar dissection 
and in anesthesiology, as well as the availability of antibiotics and whole blood 
transfusion have contributed to a declining incidence of such complications and 
consequently to both a lower operative and hospital mortality. 

Bisgard' reported a death rate of 13.5 per cent in thirty-seven cases of bi¬ 
lateral resections for bronchiectasis collected from the literature. Lindskog- 
performed twelve bilateral resections without a mortality, and Kergin^ reported 
only four deaths in thirty-one bilateral resections, the last nineteen being done 
without loss of life. Our report is concerned chiefly with the late results fol¬ 
lowing resections performed on thirteen patients with bilateral bronchiectasis, 
three of whom underwent pneumonectomy and ten of whom had bilateral re¬ 
sections. Although there was no operative or hospital death in our series, one 
patient died fifteen months and another thirty-four months after leaving the 
hospital, from causes related to surgery. 

Our interest in the cardiorespiratory status of these patients has been 
stimulated for the following reasons .- 

There is a discrepancy in the reported incidence of dyspnea following 
pulmonary resection. There is no mention of dyspnea in any of the twelve pa¬ 
tients who had bilateral resections in the series of Lindskog- although six of these 
patients had residual lesions. KergiiF reported “remarkably little evidence of 
decreased respiratory function’’ in the eighteen of his patients with bilateral 
resection whose progress he was able to follow. No function studies were re¬ 
ported. In the series of Rosemond,-’ 88 of 159 patients had some degree of 
dyspnea after resection of various amounts of lung tissue. Six patients, in 
whom the disease had been bilateral, were severe^' handicapped. Taylor, Roos, 
and BiirfoixF found that two of twelve patients with bilateral resections were 
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unable to -srork because of severe dyspnea, and the remaining ten carried on 
tlieir usual routine in a normal fasliion but had some degree of di spnea on 
exertion. Grabam.-^ after successfully resecting thirteen bronchopulmonary 
segments in 1941. asked the question “AVitli boiv little lung tissue is life com¬ 
patible ?’■' The most extensive resection on human beings i\-liicli we have been 
able to find in the literature is that of W. E. Adams." This patient bad a r^ 
section of the right middle and lower lobes, tlie left lower lobe, lingida, and 
emphysematous lower tips of the remaining parts of the left and right upper 
lobes. He was described as being less dyspneie after operation than he had 
been in the preoperative period. 

From the practical surgical point of view, we believe the following con¬ 
cepts. expressed by us in an earliei" report,^ may be worthy of repetition: 

Clinical experience and animal experimental contributions®'^^ have only 
partially answered the question originally propoiuided by Graham. The age, 
general health, daily activity, and cardiorespiratory status of the patient are 
some of the infinencing factors needing further evaluation. 

The incidence of emphysema, ventilatoiy insufficiency with hypoxemia, pul¬ 
monary hjqiertensiou, and cor imlmonale following extensive lung resections 
should be clarified. The disadvantages of a state of respiratory insufficiency 
postoperatively must be weighed against not only the handicaps of the disease 
as they exist without operation but also against the amelioration of symptoms 
other than dyspnea following operation. In cases of bilateral disease a happy 
compromise may be found in some cases by resecting only one side even when 
the disease is fairly evenly distributed. AYhile the series which we report is not 
large enough to be statistically significant, we believe the data will be helpful 
in directing attention to the problem of respiratoiy insufficiency foUo^ng ex¬ 
tensive lung resections. 

The report encompasses the following groups of patients: 

1. Tlmee patients who have had pneumonectomy for extensive unilateral 
bronchiectasis, but who still have bronchiectasis in one segment of the remaining 
lung. 

2. Ten patients who have had bilateral resections of from seven to thirteen 
bronchopulmonary segments. 

IIETHODS 

In evaluating our results clinically, we compared the frequency and severity 
before and after opemtions. of such signs and symptoms as productive cough, 
hemoptysis, chest pain, dyspnea, weight loss, fever, and attacks of pneumonia, 
pleural effusion, sinusitis, and respiratoiy infections. The roentgen evaluation 
includes standard posteroanterior and lateral views and fluoroscopy in all jia- 
tients and postoperative bronchograms in four patients. The physiologic meth¬ 
ods have been described by Cournand.*^ The investigations have included frac¬ 
tionation of lung volumina. maximum breathing capacity, carbon dio.xide and 
oxygen values of arterial blood, and exhaled gases at rest and following a stand¬ 
ard onc-nunnte exercise test. Cardiac catheterization using a water manometer 
was done in two patients, and in one patient the Sanborn double channel re- 
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corder M»as used. One patient iiad broncliospirometiy. Patients were studied 
when the bronchial tree was relative^ dr}' after a period of antibiotic therapy 
and postural exercises. 

Abbreviations used in this report are listed: 


M.B.O. 

Maximum breathing capacit 3 ’’ 

VO 

Vital capacity 

IC 

Inspiratoiy capacit 5 ’^ 

ER 

Expiratoiy reserve 

EA 

Residual air 

TO 

Total lung capacity 

Alv.N % 

Alveolar nitrogen after seven minutes of ox 3 'gen 
breathing 

HIV 

Minute ventilation expressed in liters per m.m- B.S.A. 

0, Sat. % 

Arterial ox 3 'gen hemoglobin saturation 

CO, V. % 

Arterial carbon dioxide A’olumes per cent 


GROUP 1. PATIENTS WITH PNEUMONECTOMY 

Matenal. —Tlie ages of the three men at the time of operation were 50, 36, 
and 25 yeurs. All patients had clinically severe bronchiectasis nnth a chronic 
cough productive of from 60 to 240 c.c. of purulent sputum daily. One patient 
had suffered five attacks of pneumonia, two patients were considerably under¬ 
weight, and one had had severe hemoptysis. Tlie patients have been followed 
clinically foi' twentj^-four to thirt 3 ’’-six months. Phj^siologic studies were done 
before operation and at intervals from nine to twentj^-two months after operation. 

Besults .—The general healtli of the three patients is greatlj’^ improved. 
One patient is as 3 'mptomatic and the other tAVo have an infrequent cough pro¬ 
ductive of not more than 8 c.c. of sputum daily. One patient is dyspneic on 
moderate exertion, but less so than before pneumoneetom 3 ^ (Table I). 


Tabue I. Pneumonectomt. Bilateral Bronchiectasis 



1 CASE 1, S. C., AGE 50 | 

CASE 2, R. R., 

AGE 36 

1 CASE 3, R. 

K., age 25 


1 BEFORE 1 

after I 

BEFORE I 

AFTER 1 

1 BEFORE 

1 AFTER 

Cough 

Frequent 

10 yr. 

Infrequent 

Frequent 

30 yr. 

0 

Frequent 

17 yr. 

Rare 

Sputum 

00 c.c. 
purulent 

S c.c. 
clear 

120 c.c. 
purulent 

0 

240 C.C. 
purulent 

4 C.C. 
thick 

Dyspnea 

+ + + + 

+ + 

0 

0 

0 

0 

Hemoptysis 

0 

0 

1948 

0 

0 

0 

Respiratory in¬ 
fectious 

Very fre¬ 
quent 

0 

Frequent 

0 

Very fre¬ 
quent 

0 

Residual bron- 

L. U. ant. 

segment 

E. basal 

R. U. Ant. segment 

chiectasis 

Moderate 

Mild 


Moderate 


Results of the ph 3 '^siologic studies are given in Tables II and III, and ma 3 " 
generally be summarized as follows: 

1. A deci’case in maximum breathing capaeit 3 % total lung capacit 3 ^, inspira¬ 
tory capacit 3 q and expiratory reserve occurred in each patient. A 54 per cent 
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PATIEXT 

1 DATES 

il.B.C. 1 







j R.A X 100 ] 


DATE OF 

OF 

PKE- ■ 


1 VC ' 



1 KA i 

1 FRA 

ALV.N. 

OFEKATIONS 

I STUDIES 

BICTED ' 

TC 


IC ! 

ETv 1 



1 TC 1 

Case 1, S. C. 
Eight pneu- 

Preop. 

1/12/50 

SS 

410S 

2390 

1596 

794 

1718 

2512 

41 

2.19 

moneotomy 

1/19/50 

P. 0. 

46 




7SS 

1291 

2079 

41 

2.00 

9/15/50 

91 

3115 

1824 

1036 

Case 2, B. K. 

Preop. 





1451 

1265 

2716 

27 

3.05 

Left pneu- 

7/ 3/50 

1 93 

4623 

3358 

1907 

monectomy 

7/18/50 

P. 0. 

S2.5 






2114 

31 


3/20/51 x29 

3337 

2280 

1223 

1057 

1057 

1.37 

Case 3, E. E. 

Preop. 







3605 

34 

4.24 

Left pneu- 

1/16/51 -'5 

5906 

3876 

2301 

1575 

2030 

monectoinv 

P. 0. 

^0 







37 

1.51 

1A9/51 

11/14/52 123 

4722 

2943 

1824 

1119 

1779 

2896 


reduction of tlie preoperative value in one patient (Case 1, S. C.) produced a 
maximum breathing capacity of only 51 per cent of the predicted normal, 
representing moderately severe ventilatory insufficiency. 

2. Only one patient (Case 1, S. C.) had a significantlj^ elevated residual 
air-total capacity ratio (41 per cent). This was unchanged hy pneumonectomy. 

3. The alveolar nitrogen after seven minutes of oxygen breathing was 
elevated in two of the tliree patients before pneumonectomy hut was normal in 
all patients after operation, indicating improvement in intrapulmonaiy mixing 
of gases. 

4. The patients after pneumonectomy had a low normal or slightly sub¬ 
normal resting and post-exercise arterial oxygen saturation, representing a 
marked improvement in exercise response for one patient (Case 1, S. C.) even 
though there was considerable loss in maximum breatliing capacity. The im¬ 
provement was due to the removal of a Itmg which was consuming only 4 per 


T.vble III. Exercise Eespoxse Pre- axd PosxPXEunoxEcTOiiT 


PATIEXT 


I DATE I ACnriTTl AtY | O-COXS. | CO.PROD. | O.SAT. % | COW % 


Case 1, S. C.* 

R. pneumonectomy 
1/19/50 


Case 2, E. K. 

L. pneumonectomy 
7/1S/50 


Case 3, B. E. 

L. pneumonectomy 
1/19/51 

•This patient ws 


Preop. Best 
1/12/50 Post 


exercise _ 


S2.0 


P. 0. 

Best 

5.72 

.184 

.161 

94.2 

4S.6 

9/15/50 

Post 







exercise 

16.1 

.664 

.492 

91.2 

44.7 

Preop. 

Best 

7.3 

.24.2 

.262 

95.0 

50.0 

7/3/50 

Post 





P. 0. 

exercise 

14.5 

.850 

.408 

94.0 

50,5 

Best 

0.5 

.212 

.201 

93.6 

50.3 

3/20/51 

Post 





exercise 

14.8 

.783 

.557 

90.4 

49.6 

Preop. 

Rest 

6.02 

.216 

.232 

92.5 

54.3 

1/16/51 

Post 



P. 0. 
11/14/52 

exercise 

Best 

Post 

12.13 

S.53 

.783 

.178 

.510 

.175 

91.2 

92.92 

51.7 

47.77 

--^- 

exercise 

1S.0 

.674 

.529 

92.85 

46.24 


too dyspneic to complete the exercise test. 
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cent of the total oxygen uptake, as determined by bronchospirometry. In tlie 
other two patients the preoperative and postoperative response to exercise was 
only slightly altered by operation. 

In snnuuary the three patients with pncnmoncctoniy and limited contra¬ 
lateral hronehiectasis have olitained symptomatic improvement without develop¬ 
ing or increasing already existent dyspnea. A slight to moderate degree of 
respiratoiy insufficiency was objectively determined in the group. 

GROUP 2. PATIEXTS WITH BIUATERAL PUEMONARY RESECTIOXS 

Material .—At the time of the second operation the ages of the four men 
and six women patients ranged from 12 to 47 yeai’s, the average age being 2G.7 
.vears. Six patients had chronic sinusitis and four liad exogenous (nonbaetcrial) 
allergic asthma. One patient had situs inversus. Tlie number of segments 
removed ranged from 7 to 13, the average being 10.1. The interval between 
the first and second operations ranged from five to forty-six months, and the 
follow-up clinieally was from three months to fourteen years after tlie second 
resection. 

RcsitUs .—Of the ten patients operated upon, eight were improved and two 
died in the late postoperative period. The first patient who died had a family 
history of tuberculosis and had had a cough since tlie age of 5 yeais. At the age 
of 7 years he spent eight months in a sanatorium. No tubc]'cn]o.sis was found. 
At the age of 11 years bronchography revealed bilateral bronchiectasis. 'When 
he was 15 one of four cultures was positive. A sceond positive sputum was never 
obtained. Roentgenograms taken twice yearly were repeatedly interpreted as 
negative for pulmonary tuberculosis. When he was 25 years old all the left 
basal and lingular segments were resected, and the following year a right mid¬ 
dle and right lower lobectomy was performed. Initial improvement was striking 
and the patient exliibited little if any d.vspnca. Clinieal evidence of active 
tuberculosis developed seven months later; death occurred fifteen months after 
the second operation. Autopsy revealed bilateral cavernous tuberculosis, chronic 
pleuritis, bilateral emphysema, and moderate right ventricular hypertroph,y. 

The threat of active tuberculosis following lung resection for nontubcrculous 
disease has recently been emphasized by Rothstein and Gei'soid' and earlier b.v 
Lambert,^® who reported a 12.S per cent incidence of tuberculosis in seventy- 
eight iiatients surviving lung resection for nontuberculous bronchiectasis. 

If, as seems likely, overdistention of remaining lung tissue is one of the 
faetoi-s responsible for the development of active tuberculosis or activation of 
latent tuberculosis following pulmonary resection, then groat caution is par¬ 
ticularly indicated before bilateral resections arc performed. In our patient the 
solitary positive sputum at the age of 15 years and the discovery by the patholo¬ 
gist of caseating tubercles in the left lower lobe after the first resection were 
clues which might well have contraindicated the resection on each occasion. 

The second patient (Case 11, W. R.) died of respiratoiy insufficiency thirty- 
four months after the bilateral resections were completed. This patient was 
dyspneic prior to operation and produced 500 e.c. of thick secretions. Follow- 
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ing a left loB’er lobectomy and lingulectomy, a bronchopleural fistula developed 
B'hicb healed spontaneously in five -weeks. The patient gained seventeen pounds, 
subjective dyspnea -was essentiallj' unelianged, and the cough ivas only half as 
productive. A conservative regimen, including antibiotics, v'as employed dur¬ 
ing the next year but secretions -were not further reduced. A right lo\ver lobec¬ 
tomy -was then performed. The immediate postoperative course was uneventful. 
He later became increasingly dyspne'c -wfith clubbing of the fingers, distended 
neck veins, and cyanosis. Profuse secretions necessitated frequent bronclios- 
copies but progressive ventilatory insufficiency and death occurred. Unfor- 
tunatelj' facilities for functional evaluation of this patient were not available 
prior to the operations performed. He -was examined in the laboratoi'y for the 
first time seven months after the second resection. 

The studies indicated marked ventilatory insufficiency, poor intrapulmo- 
nary mixing of gases and hj’poxemia, both at rest and to a marked extent fol- 
loNving exercise. This patient had residual lesions in the left upper anterior 
segment, the right upper posterior segment, and in the right middle lobe. On 
the preoperative bronchograms, these areas were only minimally involved but 
the left i;pper anterior segment became much nmi'se after the first operation. 
Because of the profuse secretions, we believe that the residual lesions U'-ere 
contributory to death in the patient \s’ho v’as already dyspneic prior to the 
first operation. Failure to preserve the apical segment of the right lower lobe 
for fear of the development of pleural complications and bronchiectasis may 
also have represented a lost opportunity to conserve function. 

Of the eight patients u'ho survived bilateral resections, three are greatly 
improved, fovu* are moderately improved, and one is slightly improved clinically. 
The symptoms most consistently ameliorated by the bilateral resections B’ere 
the productive cough and periodic attacks of pneumonia and sinusitis. The 
average amount of daily sputum prior to the first operation -was 120 c.c.; prior 
to the second operation it -was 48 c.c. and following the second operation it u'as 
reduced to 29 c.c. (Table IV). 


Table IA’’. Syuptoms Follo-wing Bilateral Resections 


1 PRODUCTIVE COUGH | 

1 DYSPNEA 

1 

PREOP. 1 1 

PREOP. 2 1 

p. 0. 2 

1 PREOP. 1 1 

1 PREOP. 2 1 

p. 0. 2 

C.Tse 4, E. S. 

240 c.c- 

30 c.c. 

8 

C.C. 

0 

0 

1+ 

Case 5, S. C. 

240 c.c. 

GO c.c. 

4 

C.C. 

0 

0 

0 

Case C, L. L. 

60 c.c. 

12 c.c. 

•S 

c.c. 

0 

0 

0 

Case 7, P. S. 

60 c.c. 

8 c.c. 

4 

C.C. 

2+ 

1+ 

2+ 

Case S, B. C. 

60 c.c. 

30 c.c. 

4 

C.C. 

0 

0 

2+ 

Case 9, G. H. 

60 c.c. 

30 c.c. 

4 

C.C. 

0 

0 

1+ 

Case 10, S. W. 

20 c.c. 

10 c.c. 

0 

c.c. 

0 

0 

1+ 

Casa 11, -W. E. 

500 c.c. 

240 c.c. 

240 

c.c. 

2+ 

2+ 

4+ 

Casa 12, D. H. 

240 c.c. 

16 C.C. 

4 

C.C. 

0 

0 


Case 13, V. B. 

GO c.c. 

30 c.c. 

16 

c.c. 

1+ 

1+ 

2+ 


Subjective dyspnea was present in three patients prior to the first operation 
and was not increased by the first resection. Following the second resection 
Jiowcyer, dyspnea increased in these three patients and developed for the first 
time in four of the remaining seven patients. These complaints of sub^ecti^'e 
djspnca were matched by the objective physiologic determinations. 
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The results of the physiologic studies on nine patients are given in Tables 
V and VI and in general ivere as follows: 

1. The maximum bi'eathing capacity was reduced in eight patients to from 
25 per cent to S3 per cent of the predicted normal values. 

2. The -s-ital capacity was reduced in eight patients to from 40 per cent to 
95 per cent of tlie predicted normal values. 

3. The youngest ])atient (Case 6, L. L.), a high school athlete, was the only 
patient with a normal maximum breathing eapaeiti' and vital capacity. 

4. The residual air-total capacity ratio was elevated in all patients. The 
range was 36 per cent to 64 per cent, the average being 50 per cent, indicating 
considerable overdistention of the remaining lung parenchyma. 

5. The alveolar nitrogen after seven minutes of oxygen breathing was 
significantly elevated in two jiatienfs, indieating iin])airment of intrapulmonary 
mixing of gases. 

6. Hyperventilation was present at rest in eight patients and following 
exercise in six patients. 

7. Hypoxemia was present at rest in seven patients and after exercise in 
nine patients, seven of whom had arterial oxygen saturations below 90 per cent. 

S. One patient had excessive accumulation of arterial carbon dioxide. 

An opportunity to evaluate physiologic changes both before and after each 
of the bilateral resections was presented by the patients in Cases 6, 7, and 8. 

In Case 6, L. L., the patient had a subnormal jM.B.C. initially. A .slight 
fall occurred shortly after the first resection, with rapid increase thereafter tO' 
normal. The second operation did not noticeably interfere with this increase. 
The RA-TC ratio decreased considerably after the first operation due pre¬ 
sumably to the removal of localized emphysematous lung parenchyma. This 
was verified histologically. After the second resection the RA-TC ratio increased 
to 40 per cent indicating slight generalized overdistention. Blood gas studies 
were not obtained before the first operation, but the changes preceding and 
following the second resection were inconsequential. Essentially the physio¬ 
logic adjustment has been good following each operation. The present favorable 
status of this patient is believed to be due to the following: 1. There are ap¬ 
parently no residual or new lesions. 2. There were no complications with either 
operation. 3. Nine segments remain. 4. The asthmatic component is mild. 5. 
Youth. The age of maximum functional capacity is still to be attained. 

In Case 7, P. S., the maximum breathing eapacity was decreased only 
slightly following each operation, but the RA-TC increased considerably, moi'e 
so after the first operation. An appreciable gain in total residual air with 
little change in vital capacity followed the second operation, resulting in an 
inerease in total lung capacity and a final RA-TC ratio of 55. A significant 
drop ill arterial saturation followed the second operation. The increase in 
respiratory insufficiency occurring mainly after the second operation is believed 
to be due to progressive emphysema of the lung due to spatial adjustments in 
a patient with moderately severe allergic asthma. There are ten segments re¬ 
maining and no new or residual lesions. 
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The Tentilatoi’y and blood gas changes following the first operation were 
mild in Case 8, B. C. The present physiologically poor state developed follow¬ 
ing the second resection and is believed to he dne to; 1. Complications after the 
second resection (hronehoplenral fistula and plenritis, a second thoracotomy 
to close the fistula, and a temporaiw phrenemphraxis). 2. Only five segments re¬ 
main. 3. The patient has allergic asthma. 4. There are no residual or new 
lesions. 5. The studies were performed three months following the second 
resection. 

It is anticipated that improvement in bellows action will occur with return 
of diaphragmatic action. Whether or not this will he offset by a further in¬ 
crease in the EA-TC ratio remains to be seen. 

In summary, of the patients studied physiologically'® with bilateral resec¬ 
tions, one patient has died of respiratoiw insufficiency and eight patients have 
obtained varjung degrees of clinical improvement, exclusive of dyspnea which 
is newly developed or increased in six of these nine patients. All patients have 
some evidence of respiratory insufficiency, primarily ventilatory in nature, 
which is marked in five patients. 

KOEX'rOEXOGR.VPHlC KESULTS 

Group 1 .—^Postoperative bronehograms were not made in the patients who 
had a pneumonectomy. These patients have had no symptoms or signs of 
progression of the residual bronchiectasis. Standard roentgenograms show no 
indirect evidence of increasing lesions such as honeycombing, atelectasis, peri¬ 
bronchial pneumonitis, and fibrosis. A moderate ipsilateral mediastinal shift 
was present in each patient. This roentgen finding correlated with the mild 
overdistention of the lung detected by residual air determinations. Postpneu¬ 
monectomy thoracoplasties were not done in these patients. 

Group 2 .—Of the ten patients who have had bilateral resections, four have 
bad recent postoperative bronehograms. The four patients all became severely 
cl%-spneie and cyanotic during the examination, so much so that we discontinimd 
bronchography on the remaining patients for fear of a fatality. Two joatients 
were able to tolerate bronchographie fill of only one side because of severe 
hypoxia. These responses constitute additional emdenee of a very low pul¬ 
monary reserve since it has been shown that only small reductions in vital 
capacity and inconsequential impairment in alveolocapillary gas exchange occur 
after bronchography unless an abnonnally high gradient already exists. 

Three of our patients developed new lesions or showed iDrogi-ession of pre¬ 
existing bronchiectasis after operation. This phenomenon has been attributed 
I)y Ettinger and her associates*' to such postoperative complications as pleurisy, 
atelectasis, and, less commonly, to bronchial rearrangement. 

In Case 5, J. C., previously existing bronchiectasis in the lingula became 
much woi-sc and new lesions appeared in the left upper anterior segment fol 
lowing uncomplicated resection on the left side. Tliis presumablv was due to 
spatial adjustment (Figs. 1 and 2). 

pulmonao- tuberculosis and was not studied physiolog- 
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. ,^^*S' 1 (Case 5. J. C.)-—Pioopeiativc bionchosiam. Bionchiectasis is piesent in the 
right middle and lower lobes, the left lower lobe, and lingula. The upper anterior segmental 
bionchus is incompletely niled. 

Fig. 2 ^ase 6, J. C.).—A left lower lobectomy and subseginentnl lingulectomy has been 
performed. The bronchiectasis In the lingula and left upper anterior segment has increased 
markedly. 


w n 



Fiff. 3 (Case 11, W. R.),—Preoperative bronchogriam 
right middle and right lower lobes, left lower lobe, and lingula. The left upper anterior seg¬ 
ment which is incompletely visualized, appears to contain minimal bronchiectasis. 

Fig. 4 (Case 11, W. R.).—After left lower lobectomy and lingulectomy. the anterior seg¬ 
ment is markedly bronchiectatic. 
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Fie 5 (Case 11. AT. R.).—A roenteenosxam taAen five niontlis before death 
spiratory insufficiency. The right middle lobe is collapsed. Areas strongly suggestive of 
bronchiectasis and pulmonary flbrosic are scattered throuehoiit both lung neios. 









Fig 7. 

b7onghl«u4ic‘^o!\oiM'nB®right^5;rJdl| SSd"ngVl^e^Sobllto^”^ dependent and markedl: 
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In Case 11, . R., bronchiectasis in the left upper anterior segment in¬ 

creased greatly after left upper lobectomy and lingnlectomy 'which ■were com¬ 
plicated by a bronchopleural fistula (Figs. 3 and 4). IVe believe the natural 
progression of the disease, as well as pleural comjdications and bronchial re¬ 
arrangement were responsilile. Prior to death widespread areas of honeycomb¬ 
ing and juilmonary fibrosis (Pig. 5) were found in this patient wliose symptoms 
had begun only five years earlier following an attack of pneumonia. 

In Case 12, D. H., right upper anterior bronchiectasis increased following 
right middle and lower lobe lobectomies, comiilicated by delayed expansion 
(Pigs. 6 and 7). 

CARDIAC CATHETERIZATIOX 

Tile mean pulmonary artery pressure at rest was slightly elevated in one 
of the three patients. Case 11, W. R. This patient also had some clinical evi¬ 
dence of right heart failure prior to death, which was primarily due to respira¬ 
tory insufficiencj’. Since it has been shown that hypoxia,'® exercise,'^’ and ex¬ 
tensive reductions in the pulmonary vascular bed ean,='' under certain circum¬ 
stances, cause appreciable increases in pulmonary artery pressure, it is interest¬ 
ing to speculate to what extent these faetor-s influenced the mild degree of 
pulmonary hypertension in this patient. 

The pulmonary artery pressures postoperatively were within normal limits 
in the two patients who have only five remaining bronchopulmonary segments: 



P.A. PRESSURE MM. llg 

MONTHS AFTER SECOND 
RESECTION 

Case S, B. C. 

:io-25/io 

3 

Case 11, IV. R. 

!!• moan 

17 

Case 12, D. U. 

12 mean 

IS 


DISCUSSIOX 

The results obtained in those of our patients who had bilateral resections 
are gencrall}- in agreement u-ith those reported by Taylor and his co-workers.® 
The conditioning influences prevailing in each series are broadly comparable. 
The respiratoiy insufficiency which they found was somewhat less severe than 
in our patients. They found an elevated residual air fraction in all ten patients 
and hj’poxemia in seven patients. Of the patients studied bj' Overliolt"' only 
four of eight patients had elevations in the residual air and one of five patients 
had hj'poxemia at rest. Blood gas responses to exercise in this series were not 
reported. 

In our experience the general improvement which often follows extensive 
lung resections for bronchiectasis is marred by subjective and objective evidence 
of respiratoiy insufficiencJ^ If resection can be undertaken with little fear 
of the development of serious respiratory insufficiency, the choice of action is 
clear and the risk of operations is well taken. "When certain physiologicall.v 
unfavorable premonitory signs are present which augur for a poor prognosis 
we must ask ourselves how we can improve our selection of patients for opera¬ 
tion and how we can avoid increasing the disabilitj^ if operation is performed. 
Scannell-- has recently stated that the antibiotics not only increase the safety 
of the operation but also the safety of ha-vung the disease. Conservative treat- 
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meat mar be more frequently indicated instead of operation, or it may be indi¬ 
cated following the first resection even when the lesions are equally distributed 
bilaterally. 

The respiratory insufficiency found after operation has been attributed 
mainly to residual lesions by some and to postoperative pleural complications by 
others. Ve believe that respiratory insufficiency following extensive resections 
is due to many different factors such as the age of the patient, the presence of 
pre-existing extrinsic allergic astlima and emphysema, the number of residual 
lesions, development of new lesions, the paucity of remaining segments, and 
surgical complications such as bronchopleural fistula with pleuritis. atelectasis, 
pneumothorax, pleural effusion, and phxenemphraxis. In any one patient, 
multiple factors usually prevail as is evident in our series (Table TII). 

The two most constant factors in those patients who responded poorly were 
the postoperative pletnal and pulmonary complications and the presence of 
residual lesions. However, residual lesions were present in fifty-five of Eose- 
mond's patients.^^ and 25 per cent of these had no cough or symptoms of any 
kind. One of our patients. Case 5, J. C., has severe residual bronchiectasis in 
three segments. Although the patient's maximum breathing capacity is con¬ 
siderably diminished, she has a very good clinical result and an excellent physio¬ 
logic response to the exercise test. EadiographicaUy demonstrable bronchiecta¬ 
sis does not necessarily insure either symptoms or physiologic disability. Our 
three oldest patients had the poorest functional i-esults in the bHateraUy resected 
gi-oup. The two youngest patients had the best results. It is apparent that each 
patient upon whom extensive resections for bronchiectasis are contemplated must 
be individually evaluated at various stages of surgical treatment. For example, 
the preoperative study of the oldest and one of the most dyspneic patients 
(Case 1. S. C.) indicated that the removal of the weU-perfused. but poorly 
ventilated, diseased hmg would imprave rather than impair the pulmonary 
reserve. 

IVhen respiratory insufficiency appears inuninent the question of what in¬ 
fluence the operation will have on the physiologic status must be considered. 
IVill the operation remove one or more of the conditions contributing to the 
respiratory insufficiency ? Among the conditions which nnll be minimized or 
eliminated by rasection are the following: (1) the toxic factor of the infection. 
(2) the mechanical factor of secretions of bronchiectatic origin, (3) the perfused 
atelectatic or locally emphysematous lung acting as a pulmonary systemic shrmt. 
and (41 allergic (endogenous) asthma. 

Conditions wliich are likely to persist as functional handicaps following 
resection include the following: 


(1) Chronic pleuritis. (2) chest waU deformities. (3) seneralked em¬ 
physema and pulmonarr- fibrosis, and (41 allei-gic (exoaenous) ''astlmia 

Perhaps when approached from this point of mew. together with careful 
preoperative clinical and functional evaluation and an appreciation of the 
incidence or phy.siologieally disabling postoperative complications, a lower 
mci.lcncc ot sminfic.'int re.spiratory insufficiency may be anticipated. Addi¬ 
tional iniormation from other series is needed. 



154 


Tllte JOURNAL OF THORACIC SURGERY 






Ph 


*^00 
^ rt «3 
c3 ci o ci o 

E E'^ E'^ 
s o 5 o 
^ ^3 c ^ C 
VI (n ^ oi 
<< < 


*3 'O 
fe 


§« 

•E o 




C ^ t-' ^ 

P ^ ^ 
e w w 

M > S 

w 5^. b 

^ O ^ « 


C w 
52 ?. 

5 ^ 

2 M 

^ w 

< r*, 

ft3 U 

S M 


W Q 

K ci 

o 5 U ^ 
^ ^ w 


p. 

6 o 

I« ^ 

Eh o 



e E 

3 

etS . 
PI-Sp 

.s 

.s 

i4 

* 

n C 

0 0 

•-< k. 

0 ^ 

ci _3 P5 

. pH R 

r3 

0 

c; 

*E 

C5 

.P^ 

w . 

3 ^ ‘o5 

'a cJ rt 

Jn CJ '*“> 

*3 

u 

Is 

0 

U 


*m 0 > 

»P 

pP 

0 

«3 s^ 



*3 

CJ 


, 0 a 
^ 0 3 


4 

*»» 

.2 cf 

P . ^ 
p” « 


CS 

f .1 

ci 

2 = 

’s 

3 


O C3 

c. "3 

^ oMp5 


C3 

OJ >-• .0 

•p-s s p< 

£" o i 

•= m >^eh ■o pq 


cn 


ax 

a a 

S rt 

p* .s' 

1 ^ OJ 

-» c3 

S " 

.2 

*2 *S 
s 

^ ^ 


3 

W O 


A* 3 

P^H ^ ^ ^ 




f-i C I-I 


ts 00 00 


^ Eh ^ 

«s I 

o S g 
d “ 

M 

cs: 

u 

Eh 

£ W 
< W 

c: 


S ^ 

5^ 

U 

o 

<5 



\ \ X \ 


6 w 

d 

pcc 

d 

Hi 


* 

«■ 

w 

K 

g§g 

•< *5 

*~5 

PP 


d 

d 


R 

> 


•This patient died 5 months following these determinations. 
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SUMMARY AKD COKCLUSIONS 

1. The results of surgical treatment in tliirteen patients M-itli bilateral 
bronchiectasis have been reviewed. 

2. Three patients with pneumonectomy and localized residual disease have 
excellent clinical results with little functional disability. 

3. Of ten patients with bilateral resections, there were two late deaths. 
One was due to tuberculosis and one was due to respiratory insuffieiencj. The 
other eight patients are generally improved although all have various degrees 
of respiratory insufficiency as detected by objective methods. 

4. Factors responsible for respiratory insufficiency have been discussed. 

5. A plea is made for more frequent use of pnlmonaiy function studies as 
an adjunct to, but not as a substitute for, careful clinical evaluation. 
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DECISIONS IN THOEACIC SUEGEEY AS INFLUENCED BY THE 

knoytjEdge op pulmonary physiology 

AVakriner AVoodruff, M.D., and C^vrl G. AIerkel, AI.D., Saranac Lake, N. Y., 
AND George AA^. AA’^bight, AI.D., Trudeau, N. Y. 

T his paper is concerned witli decisions in thoracic surgery as influenced by 
knowledge of respiratoiy phj’siology and represents our current thinking in 
an admittedlj’^ changing field. It is not our pxirpose to present detailed statistical 
data, nor will any attempt he made to compare the therapeutic effectiveness of 
the various procedures, except in so far as they relate to pulmonarj- function. 

The choice of surgical thcrapj' in treatment of disease of the respiratory 
system presupposes that it offers the best method of cure or amelioration. Tech¬ 
niques in surgery and anesthesia have advanced to the point where a patient is 
seldom encountered with puhnonaiy reserves so limited that he will not tolerate 
the removal of a few ribs or a thoracotomy done with proper precautions. If, 
however, normal lung tissue must be collapsed or resected, a procedure extensive 
enough to accomplish the desired result might not be tolerated. The current 
mortality rate of both thoracoplasty and resection, exclusive of pneumonectomy, 
is so favorable that the criterion of a successful procedure is no longer solely that 
a patient survive the operation and have the disease arrested or eradicated. 
Our present goal should include the conservation of as much of the patient's 
cardiorespiratory abilities as possible while bringing the disease under control. 
AVe believe that the preservation of reserves for the unforeseeable cardiorespira- 
tor 3 ' insults of the future is an important consideration and our choice of a 
particular method of therapj- is based on the premise that the method chosen 
shall combine the greatest possible chance of cure with the least risk to the 
individual and the least damage to the cardiorespirator.v apparatus. The choice 
of a particular operation is frequenth- complicated bv the fact that one method 
maj' be safer but not as promising regarding cure, and vice versa. Different 
surgeons with the same exddenee maj^ decide on different procedures accord¬ 
ing to their experience. 

Commonly the surgeon’s assessment of a patient’s ability' to xvithstand 
a particular operation is based solely on clinical judgment, a method we all 
use but find difficult to define. These clinical methods involve examination of 
the roentgenogram, observation of the ease of breathing, the appearance of 
the chest as to whether it is thin and narrow or thick and barrel-shaped, the 
speed with which the chest can be emptied, and whether breathing is sym¬ 
metrical. Usually an attempt is made to determine the effect of exercise on the 
pulse rate and on the ease and comfort of breathing and to note whether 
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cyanosis develops. Breath-holding tests are also coniuionly used, ilany 
patients have undergone surgery successfully with no more evaluation than 
can he gathered from such evidence On the other hand, most of us have 
experienced unanticipated cardioiespiratoiy difficulties in patients thus as¬ 
sessed. 

In the patient with borderline or limited leseivcs, it is essential that we 
know as much as possible about the tiue preopeiative state of the eardio- 
lespiratory apparatus Such data are useful, not only from the standiioint of 
determining whether or not he v\ ill tolerate a gn en iirocedure, but also to 
enable us to choose the particular procedure that he vdll tolerate best and 
that will be most conservdng of function 

CvSE 1 —The case report of this patient, F. H (Fig 1), bears on the reliability 
of clinical judgment m choosing patients foi thoracic surgical procedures. This 31 j ear old 
patient had active extensive bdateial tuberculosis in 1937 On prolonged bed rest, the left 
lung cleared but some residue remained. In 1939, on the basis of x laj evidence, it ivas 
thought that the left lung uas stable and, although not necessaiilj normal, was m condition 
to permit a thoracoplasty on the right Bronchoscopj demonstrated so little movement of 
exudate in the stenosed right mam bronchus that the right lung yvas believed to be non 
functiomng. The patient complamed of slight dyspnea but on the basis of clinical evidence 
the patient’s condition yvas considered suitable for a right sided thoracoplasty. 





All tliorcicojA\‘^t^ carried out diirinn’ n •norirtii rx-e * i 

months, the last stage removed the seventh through the eleventh ribs but 00 ^ ^ 

men,, u.re taken of the loner three nh. The fir^t two stages weVe i i i i 
mil to uuoiir..go the eirryiiig out of the third stage Following the iLropLhon?how' 
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ever, the dyspnea became very extreme. Bistress was so great that the patient could not 
got out of bed. During the ensuing months she slowly improved, and finally was able to 
carry out self care. It was noted that during the premenstrual period, breathlessness was 
so severe that she was unable to tolerate even this slight amount of exertion. One year 
after tlic thoracoplasty, the first physiologic studies wore made. At tliat time, the 
maximum breathing capacity was measuied to be 20 B. in the intcrmenstrual period but 
fell to 10 L. in the immediate picmenstrual period. This patient is still living, sputum 
is negative, and she is able to do a verj- modest amount of housework. Slight exertion 
is accompanied by scveie dyspnea. Current j'hysiologic studies show that tlio maximum 
breathing capacity is still 20 L. and that the residual air is incieased and constitutes G9 
per cent of the total volume. 



Fip. 1C. —Dec. IS, 1952, thirteen years posttlior.acoplasty, riplit. 


It is clear that this patient at tho time of the operation must have had sovoro dilfuso ob¬ 
structive emph 3 ’sema which was unrecognized inior to tlio operation. Although she survived, 
tho earlj’’ postoperative period was one of great disticss iind danger. If phj-siologic studies 
had been done preoporativelj', wo would Iiavo handled this case differentli'. 

Other examples of a surgical crisis stemming from failure of clinieal 
evaluation to recognize aclequatelj’^ the severe degree and nature of pre¬ 
operative cardiorespiratoiy impairment could be shomi from tlie experience of 
ourselves and others. That such events oceur relativelj^ infrcquentl}’’ is ex¬ 
plainable by several facts. First, the cardiorespiratory abilities needed to 
sustain life are small ■when compared to the reserves ndth which the normal 
human being is originally endowed. In normal persons the cardiac output 
can be augmented four or five times its resting lei'^el, and respiration can be 
increased fifteen- to twentjTold for brief periods and maintained at tenfold 
for modei'ately long periods. With such enormous reserves at the outset. 
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large portions of the cardiorespiratory abilities can be lost, and an individual 
ndU still possess sufficient powers to survive a thoracic surgical procediu-e. 
Second, thoracic surgical skill and preoperative and postoperative care have 
been so improved that little physiologic reserve is needed to sustain life 
tlii'oxigliout the operation and the postopei'ative period. The patient in Case 
probably had but little greater breathing power before the thoracoplasty than 
she now has. Kevertheless, she survived the procedure. ■';S'e have carried out 
a conventional seven-rib thoracoplasty by doing it in small stages over a non¬ 
functioning lung in a severely emphysematous 4T-year-old man whose pre- 
operative maximum breathing capacity was 38 L., whose residual capacity 
was 50 per cent of the total volume, and whose arterial blood revealed carbon 
dioxide retention and mild hypoxia at rest. 

A third factor which reduces the incidence of postoperative cardio¬ 
respiratory difficulties is the rejection of the bad risk. Since these rejected 
patients are not operated upon, there is no way of evaluating the adequacy 
of the clinical method for assessing their suitability for operation. During 
the past fourteen years, we have studied a number of patients who, previously, 
on the basis of clinical evaluation alone, had been rejected for thoracic 
surgery. One of the encouraging facets of our work has been the demonstra¬ 
tion by more objective physiologic methods that some of these rejected 
patients actually possessed sufficient cardiorespiratory powers to permit a 
properly chosen thoracic surgical procedure. On a few occasions we have 
found, by quantitative methods, such severely impaired respiratory reserves 
that we believed the surgical procedure necessary to effect a cure was a 
greater hazard to life than the disease itself. Thus far, none of these 
patients has been subjected to surgery and we are, therefore, not in a position 
to evaluate the correctness of our opinion in these particular cases. 

Ve do not wish to give the impression that we believe the more objective 
and quantitative physiologic methods of evaluating cardiorespiratory reserves 
should in any way exclude the conventional clinical observations. On the 
contrary, we are definitely of the opinion that the two approaches are com¬ 
plementary. 

The various physiologic processes whereby gas exchange between the 
atmospheric air and the pulmonary capillary blood and whereby blood is 
delivered to and returned from the tissues can be quantitated at rest and 
under the stress of exercises by appropriate methods. "iVe have found that 
although these methods add gi-eatly to our study of the effects of disease 
and therapeutic procedures upon cardiorespiratoiy function, not aU are 
essential for an adequate evaluation of the preoperative status of the patient 
being considered for a thoracic surgical procedure. 


Fluoroscopic observation ndth particular attention to the degree to which 
the lungs can be filled and emptied, to the speed rvith which fillinn and, 
especially. empt>-ing can be accomplished, to emdences of less complete 
emptying or filling of one portion of the lungs as compared to the other to 
movements of the mediastinum; and to the cardiac silhouette udll <nve a well 
trained fliioroscopist a good evaluation of the normalitv of the respiratorv 
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pump. Impaired mobility of the thoi'acie parietes, regional or diffuse airway 
obstruction, and abnormalities of the cardiac silhouette that are of a degree 
significant in our clinical problems can be recognized though not quantitated 
except in relative terms by fluoroscopic examination. This procedure by 
itself permits us to recognize those who have sufficient functional abnormality 
to warrant further quantitative stud 5 ". Eoentgenograms taken at the extremes 
of inspiration and expiration are useful to confirm the fluoroscopic study and 
to afford a more leisurely examination. "We believe they should be obtained 
in all cases. By a “trained-fluoroscopist” we mean a iierson who has had the 
opportunity of repeatedlj' checking his fluoroscopically based opinion against 
quantitative physiologic measurement, l^^lenever there is any question as 
to the abnormality revealed by the fluoroscopic study, and in every case when 
a decision depends heavily upon accurate knowledge of respiratory capacity, 
quantitative procedures should be carried out. In essence, we consider the 
fluoroscope a “screening” tool. 

The maximum ability of a person to pump air into and out of his lungs 
is best estimated quantitativelj' by measuring the maximum breathing capac¬ 
ity.^ This procedure can be carried out in one of several wa 3 's but all are 
based upon raising the incentive of the jiatient high enough to obtain a 
maximum effort. At times the maximum effort maj' not be obtained, but 
from a practical point of view the difference between an absolutel.v maximal 
effort and a good effort is of relativel.v little importance. At times, even 
though the effort is clearly submaximal, the power of the breathing pump will 
have been shown to be sufficient to warrant classifying the patient as a good 
surgical risk. When, however, the breathing reserve is low, eveiy effort 
should be made to obtain a maximal effoii during the measurement of the 
maximum breathing capacity'. This test, properly carried out, measures the 
integrated action of the thoracic parietes, the ease with which air flows 
through the tracheobronchial structures, the ease with which the lung itself 
can be distended and collapsed, and the coordination of the muscles involved 
in respiration. Impairment of any of these factors will be reflected in a 
lowering of the maximum breathing capacity. 

It is frequently^ essential that accurate knowledge be obtained of the 
degree to which each lung and sometimes smgle lobes participate in respiration 
and gas exchange. The technique of bronchospirometry'^^ serves this purpose. 
Although fluoroscopic observation will supply^ a notion as to how much each 
lung participates in respiration, and angiograms v'ill give some idea as to 
circulation via the pulmonary' artery, neither has sufficient precision and 
reliability^ to depend upon them alone when a critical decision must be made. 
IMoreover, bronchospirometry is the only method that will reliably measure 
the extent to which each lung participates in oxygen uptake. 

The procedures thus far mentioned, together with the customaiy clinical 
evidence, will provide sufficient information in most eases upon which to 
base a decision concerning the operative risk and choice of operation. 

When the maximum breathing capacity is‘moderately^ or severely^ reduced, 
one always suspects the presence of diffuse obstructive emphy'sema. This 
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abnormalitv is the most common cause for respiratorr impairment and is the 
condition most likely to lead to operative and early postoperative crisis. A 
low maximum breathing capacity is also to be found in pathologic conditions 
other than diffuse obstructive emphysema. Because of its serious import, 
it is essential that the surgeon recognize those patients whose Ion maximum 
breathing capacity is caused by diffuse obstructive emphysema as contrasted 
to those whose low maximum breathing capacity is not due to diffuse aim ay 
obstruction. Measurement of the residual capacity will aid in tliis regard 
because diffuse obstructive emphysema of a significant severity is alu aj s 
associated with an increase of the residual capacity both in absolute terms and 
also ivhen expressed as a percentage of the total lung volume. Pulmonary 
volumina measurements must be interpreted ivith caution. A reduction of 
total volume may cause a normal residual capacity to appear to be increased 
ivhen expressed as percentage of total volume. A combination of low 
maximum breathing capacity and elei'ated residual capacity expressed in 
absolute volumes is pathognomonic of diffuse obstructive emphysema. 

Study of the arterial blood and alveolar gases is rarely needed in 
evaluating the patient for thoracic surgery. AYe have not found arterial 
hypoxia to be a significant contraindication for surgery. Emdence that 
carbon dioxide is being retained is of great importance, but it is possible 
to proceed without blood gas studies on the basis that in all cases of diffuse 
obstructive emphysema, retention or at least subnormal elimination of carbon 
dioxide will be present whereas in other pathologic circumstances retention of 
carbon dioxide is rare. 


We have not found that the measuring of the volume of air breathed at 
rest or during mild exercise is of significant help in deliberations concerning 
the choice of operation or operability of the patient. Generally a reliable 
measurement of breathing discloses normal volumes at rest and during 
exercise in most persons whose disease is amenable to treatment by thoracic 
siu-gery. Pleural disease requiring decortication and arterial venous aneurysm 
of the lung are at times characterized by abnormally large air exchange, 
especially during exercise. In both of these situations the surgical correction 
is followed by a drop in the volume of breathing to near-normal or normal 
levels. 


The role of cardiac catheterization studies in the evaluation of patients 
for surgical treatment of pulmonary disease has not been established. There 
may be a limited and at times critical need for such study. 

Ye have deliberately omitted any discussion of measurements of the 
vital capacity because in our experience this procedure has had little value 
and at times has actually been misleadiiie. 


Knowledge of the degree to which the lungs re.si.st distention and collapse 
—renected in the iNI.B.C. (maximum breathing capacity)—is of critical'im- 
imrtance in regard to the development of paradoxical chest wall motion If 
the thoracic cane has its sup,mrt removed, as by thoracoplastv or crushiim 
m.iury to the thorax, a lung of normal re.sistancc will to some extent keep the 
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chest wall from expanding properlj’ during inspiration. When the lung has 
been made abnormal^ resistant to distention by fibrosis, airway obstruction, 
or envelopment in a pleural membrane, the impediment to chest wall motion 
is proportionately more severe. In the presence of airway obstruction, the 
chest wall not onl 3 ’' sinks in during inspiration but also balloons out during 
expiration. The serious and at times fatal consequences of paradoxical chest 
wall motion are so familiar as to need no further discussion. 

Diffuse airwaj' obstruction interferes with proper A'entilation of the 
alveoli and leads not onlj^ to hj'poxia but, equallj' important, to carbon 
dioxide retention. The severe degree of respiratoiy acidosis that maj^ develop 
during an open-chest procedure, although bj’ now adequateh' demonstrated, 
is inadequatelj"- appreciated.^ That this situation would be espeeiall.v prone 
to develop, and in fact be difhcult to avoid, in the presence of diffuse obstruc¬ 
tive emphj'sema is readil.v understandable. The fact that severe acute 
respiratoiy acidosis is usuallj’ survived is no excuse for ignoring its occur¬ 
rence. It is highlj* probable that some of the cardiac arrh.vthmias of the 
operative period are directl.v attributable to the acidosis. It is now well 
recognized that the inhalation of oxj'gcn-enriehed mixtures bj’ persons with 
severe respiratoiy insuffieicncj^ secondaiy to diffuse obstructive emphj'sema, 
though it corrects the hj^po.xia, maj' lead to severe carbon dioxide retention 
and associated stupor, coma, and even death.'* That a similar situation can 
develop during the operative and postoperative period when patients with 
severe obstructive emphj'sema undergo surgeiy was recentlj' demonstrated to 
us. Recognition of this possibilitj' and the institution of proper measures 
to avoid or treat the complication maj' be lifesaving. 

A lung that is alreadj- oiierating at a mechanical disadvantage because 
of increased resistance to deformation maj' be placed at further disadvantage 
b.v being further distended in order to fill a space left b.v the resection of lung 
tissue. This problem will be discussed in more detail later. Recognition and 
quantitative measurement of the severitj’’ of re.spiratoiy impairment caused 
bj^ fibrosis and diffuse obstructive emph,vscma is to us of sufficient importance 
and assistance in plamiing and canying out thoracic operations to warrant the 
required laboratory procedures. 

The most important surgical procedures affecting respiratoiy function 
arc thoracoplasty, resection, and decortication. The patient with impaired 
pulmonaiy function who is undergoing either thoracoplasty or resection is 
relatively safe while actually on the operating table. Surgical and anesthetic 
accidents are always a hazard but the surgical team is in its optimum position 
to intervene. The anesthesiologist, particularly if he has the control afforded 
bj' intratracheal anesthesia, should be able to maintain oxj’genation and 
prevent dangerous accumulation of cai’bon dioxide, except in those patients 
with diffuse obstructive emphj'sema. In these, while the anesthetist can force 
air into the lungs, he usually has no means enabling him to assist expiration. 

In such patients, carbon dioxide retention with its potentially dangerous 
sequelae is virtualty certain to develop. Judicious haste to keep the duration 



AiO) THORACIC SURGERT 163 


■WOODRUFF ET AL.: PULWOXART PHYSIOLOGY 

of the anesthesia as short as possible is important m these cases. It is 
possible that intermittent hyperventilation with manual assistance to the 
expiratory phase might be useful. 

A clean airway is desirable at all times but is especially so in t ose 
patients with diffuse obstmctive emphysema because the already narrowed 
airways are easily occluded. Good aspiration technique is essential. If 
the patient is properly prepared before the operation, there is usually a 
minimum of secretions, especially in the ■tuberculous patient who has been 
on long-term chemotherapy. In resection for bronchiectasis, the surgeon is 
more likely to enco'onter copious secretion and every effort to control these 
before and during the operation should be made. 

The early postoperative period is one of considerably greater hazard. 
Airwav obstruction and carbon dioxide retention must be avoided regardless 
of the* difficulties this may entail, ''ffhereas the patient with good cardio¬ 
respiratory reserves ■will survive airway obstruction and its sequelae and at a 
later date appear none the worse, the patient -with seriously impaired cardio¬ 
respiratory reserves ■under the same circumstances may not survive. Cough 
cannot be rebed upon in these handicapped patients. To keep the airways 
clean in the presence of moderate to copious secretion may require aspmation 
every half hour for several days. UsuaUy this can be accompbshed by 
tracheal suction through an intranasal catheter, but where secretions are 
profuse or the patient’s reserves low we do not hesitate to perform a tracheos¬ 
tomy before the patient leaves the table. A clean ainvay wiU do much to 
prevent postoperative hypoxia and carbon dioxide retention. Control of pain 
by local anesthesia so that narcosis can be kept to a minimum is also important. 
Oxygen therapy should be used sparingly for the reasons discussed earber. 
If the patient wbl not or cannot use the respiratory apparatus 'vigorously, it 
may be necessary to use a tank respirator ■with both negative and positive 
pressure. The use of this apparatus should not be delayed. 

Severe paradoxical chest-wall motion is a serious problem which may 
occur during the postoperative period. The larger the area of poorly 
.supported chest wall and the more resistant the underlying structures are to 
distention, the more severe the paradoxical motion wiU be. Prevention is 
much more effective than treatment of this serious condition. Preoperative 
realization that the nndci-lying tissues are more resistant to distention and 
collapse than normal gives ample warning that if a soft chest wall must be 
ei-eated, the area should be kept small. Eesection of anterior ribs should be 
done -uitli great caution because this area has no support after the ribs are 
renioved and also because the first, second, and third ribs support almost the 
entire anterior chest wall. Better still, another procedure such as extra- 
pcrioste.al plombage. which maintains a strong chest wall in the presence of 
the desired lung collapse, might be chosen. 

Following pulmonary resection it is important that the mediastinum be 
kept m as nearly normal a position as possible in order that the lun- tissue on 
the opposite side have unimpaired expansion. The routine use of a drainn<-e 
tube eoiincctcd to a water seal and to wall suction at -15 cm. of water pre"s 
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sure for the first forty-eight to seventy-two hours will protect against the 
development of an unusually high or low pressure on the operated side and 
consequent marked shifting of the mediastinum. If a large volume of good 
lung has been left on the side of the resection, the space is promptly ob¬ 
literated and significant displacement of the mediastinum does not develop. 
The question of handling a large i-esidual space will be dealt with later. 

Sudden alterations of the cardioresiiiratory system are less well tolerated 
than tliose that develop slou’ly. During the early postoperative period, this 
is especially evident. Vigilance and prompt vigorous countermeasures during 
the first twenty-four to forty-eight postoperative hours vfiU save lives that 
would othervdse be lost. Preoperative knowledge of the degree and exact 
nature of cardiorespiratory impairment will assist the surgeon in avoiding 
postoperative emergencies and will greatly enhance his ability to recognize 
and cope Avith them. 

The limit of acceptable risk for resection and remoA’al of functionless 
lung tissue is noAV remarkable. "We haA’e i-ecently carried out preoiierath-e 
studies on three patients subsequently operated on by Dr. Donald sillier of 
Burlington, Vt. Their maximum breathing capacities Avere 30, 20, and 18 L. 
and their residual capacities constituted 72, 74, and 78 per cent of the total 
volume. In none of these Avas there evidence of cardiocirculatory failure. 
All of these A'eiy seA’ere eases of diffuse obstructive emphysema successfully 
underAvent a thoracotomy and resection of blebs and bullae. In one of these 
cases, Dr. Uliller used a respirator in the immediate postopcrath-c period in 
order to overcome seA'ere carbon dioxide retention. V’e liave neA-cr attempted a 
thoracoplastj- on such severe cases. 

Case 2.—KeA’Crtheless, one of us has done an extraperiosteal Lucite ploinbage creating 
a defect the cquivulont of a six-rilj thoracoplasty in one stage on a patient (Fig. 2), nhosc 
maximum breathing capacity ^cas only 40 L., whose residual air of 3.62 L. was 62 per cent 
of the total Tolunie, and whoso lung on the side of the ploinbage was doing 36 per cent of the 
total oxygen uptake before the operation. This patient with severe diffuse obstruc¬ 
tive emphysema withstood the operation without difficulty. It is apparent that patients aho 
have been thoroughly demonstrated to have severe respiratory impairment can undergo 
properly chosen surgical procedures involving the thorax if the surgeon is adequately fore¬ 
warned. 

Loss of function measured six months to one year folloAving a conventional 
thoracoplasty is caused by collapse of functioning healthy lung tissue and limita¬ 
tion of motion of the thoracie parietes. Quite commonly no measurable loss of 
pulmonary function foUoAvs the thoracoplasty, especially if the operation is con¬ 
fined to the diseased area and scAmre scoliosis is prevented. In a series of 50 
cases that Ave studied before and one jmar after thoracoplasty, Ave found tlie 
maximum breathing capacity to be unchanged, or in some instances slightly 
increased, in tAventy-three patients. The aAmrage decrease in the remaining 
tAvent3'-seAmn eases Avas ISl/o per cent Avith extreme of 35 per cent. 

In this series, 50 per cent of the patients had six or feAver ribs resected. 
Forty patients in this series had bronchospirometric studies before and after 
thoracoplasty. Of these, eleven shoAAmd no change or slight improvement of 



pri-MOXARY PHYSIOLOGY A^TD THOKAaC SCRGERY 






164 


THE JOURNAL, OF THORACIC SURGERY 


sure for the first forty-eight to seventy-two hours will protect against the 
development of an unusually high or low pressure on the operated side and 
consequent marked shifting of the mediastinum. If a large volume of good 
lung has been left on the side of the resection, the space is promptly ob¬ 
literated and significant displacement of the mediastinum does not develop. 
The question of handling a large residual space will he dealt with later. 

Sudden alterations of the cardiorespiratory system are less well tolerated 
than those that develop slowly. During the early postoperative period, this 
is especially evident. Vigilance and prompt vigorous countermeasures during 
the first twenty-four to forty-eight postopevntive hours will save lives that 
would othervdse be lost. Preoperative knowledge of the degree and exact 
nature of cardiorespiratoiy impairment will assist the surgeon in avoiding 
postoperative emergencies and wilt greatly enhance his ability to recognize 
and cope with them. 

The limit of acceptable risk for resection and removal of functionless 
lung tissue is now remarkable. We have recently carried out preoperative 
studies on three patients subsequcntlj- operated on by Dr. Donald Uliller of 
Burlington, Yt. Their maximum breathing capacities were 30, 20, and 18 L. 
and their residual capacities constituted 72, 74, and 78 per cent of the total 
volume. In none of these was there evidence of cardiocircnlatory failure. 
All of these very severe cases of diffuse obstructive emphysema successfully 
underwent a thoracotomy and resection of blebs and bullae. In one of these 
cases. Dr. Miller used a respirator in the immediate postoperative period in 
order to overcome severe carbon dioxide retention. We have never attempted a 
tlioraeoplasty on such severe cases. 

Case 2.—Nevertheless, one of us 1ms done an extraperiostcal Lucite plombage creating 
a defect the equivalent of a six-rih thoracoplasty in one stage on a patient (Fig. 2), u'lioso 
maximum breathing capacity was only 40 L., whose residual air of 3.62 L. was 62 per cent 
of the total volume, and whose lung on the side of the plombage was doing 36 per cent of the 
total oxygon uptake before the operation. This patient with severe dill'use obstruc¬ 
tive emphysema withstood the operation without difficulty. It is apparent that patients who 
have been thoroughly demonstrated to have severe respiratory impairment can undergo 
properly chosen surgical procedures involving the thorax if the surgeon is adequately fore¬ 
warned. 

Loss of function measured six months to one year following a conventional 
thoracoplasty is caused by collapse of functioning healthy lung tissue and limita¬ 
tion of motion of the thoracic parietes. Quite commonly no measurable loss of 
pulmonarj' function folloAvs the thoracoplasty, especially if the operation is con¬ 
fined to the diseased area and severe scoliosis is prevented. In a series of 50 
cases that ive studied before and one j'ear after thoracoplast.A’, u’c found the 
maximum breathing capacity to be unchanged, or in some instances slightly 
increased, in tiventy-three patients. The average decrease in the remaining 
tAventj'-seven cases was 13Vs per cent Avith extreme of 35 per cent. 

In this series, 50 per cent of the patients had six or fcAver ribs resected. 
Forty patients in this series had bronchospirometric studies before and after 
thoracoplasty. Of these, eleven showed no change or slight improvement of 
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function on the side of the operation. The mean reduction in the rcimunmg 
twenty-nine was 22i/, per cent with extremes of 4 per cent to 46 per cent. In 
this series, twentv-one patients had four to six ribs resected with no more than 
two of the ribs being resected anteriorly. Of these, ciglit slmwed no change and 
the mean reduction of the remainder was 17 per cent, i\ith ext i ernes fiom 4 
per cent to 33 per cent. In nine of this scries, a seven- or eight-rib thoracoplasty 
was done, and in this group all showed a decrease in function postopcrativclj, 
the mean being 20 per cent and the extremes 11 per cent to 44 per cent. 

The large extent to which the homolatcral lung still functions in the 
presence of a six-rib thoracoplasty is impressive. The reasons for this aic 
several. Firet, the majority of the motion of the thoracic parictes comes from 
diaphragmatic and lower chest-wall motion, areas not involved in a six-rib 
thoracoplasty. Second, already damaged lung undergoes most of the collapse. 
Third, healthy lung, if under the collapsed area, is displaced downward and 
being still in the distended state is circulated by blood and can be ventilated by 
lower thoracic and diaphragmatic motion. Fourth, while it is true that all of 
our cases showed a reduced vital capacity postthoracoplasty, the maximum 
breathing capacity is but little influenced, because this maneuver is accom])lished 
with excursions of less than vital capacity stroke, and as the stroke is diminished 
the rate of breaths per minute can be accelerated. 

In this series, the factors wliich seem to be signifleant in those who suffered 
an appreciable loss in function as the result of the thoracoplastj' were (1) re¬ 
moval of more than six ribs, (2) collapse of an appreciable amount of good lung 
tissue, and (3) the development of a significant degree of scoliosis. 

In uncomplicated resection, the thoracic parictes are not injured and with¬ 
in a few months after the operation can be moved as well as before. The degree 
by which cardiorespiratory function is impaired following imcomplicated resec¬ 
tion is related solely to the volimie of tissue removed. If healthy lung is resected, 
the chances of diminished function are greater than if only diseased lung is re¬ 
moved. If pleural changes sufficiently severe to limit motion of the parietes 
ensue, or if the lung fails to expand to fill the space properly, the postoperative 
impaiment is more severe than when these complications are absent. Since 
the size of the thorax is not appreciably diminished by pulmonary resection, the 
tissue which remains after the operation becomes more distended in all phases of 
the respiratory cycle as it expands to fill the space. If a wedge, segment, or 
lobe that has been markedly contracted prior to resection is removed ivithout 
complications, one often cannot discover any difference in the cardiorespiratory 
measurements before and six mouths to one year after the operation. 

Case 3. This case demonstrates tlie paucitr of changes following resection of a small 
amount of lung tissue (Fig. 3, Table I). 


If larger volumes of lung are removed, the remaining lung tissue becomes 
so increased in distention, as it fills the space, that it exerts sufficient centripetal 
pull to lessen the size of tlie thorax. The balances of force are so disturbed that 
he outward movement of the parietes is limited, causing the total capaeitv and 
Lv the maximum breathing capacity is likely to he 

however, capable of reducing itself to its 
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Ve do not possess or know of data wliicli will permit a definitive com¬ 
parison of tke quantitative aspects of the ph\-siologic alterations in thoracoplasty 
as opposed to resection. It is onr opinion that in the absence of complications 
(indnding scoliosis) and if comparable volumes of healthy lung tissue are 
spared, there will be little difference between the end results of the two proce¬ 
dures. There are, of course, many circumstances in which resection will be 
far more sparing of healthy lung tissue than is thoracoplasty. The reicise 
rarely, if ever, occurs. Complications, such as the development of modeiate to 
severe scoliosis after thoracoplasty, the development of pleural membranes^ aftei 
resection, or unusual thoracic discomfort after eitliei’ operation, quite obi-iously 
will alter the anticipated functional end result. 

In the presence of a totally destroyed lung, some degree of overdistention 
of the remaining lung and some degree of scoliosis usually exists prioi’ to the 
operation. In this situation pneumonectomy usually causes less further loss of 
function than does a total thoracoplasty. Generally speaking, when thoraco¬ 
plasty and resection are being considered for the same patient, the procedure 
least likely to embarrass or sacrifice healthy lung tissue has the physiologic ad¬ 
vantage. It is our opinion that complications of physiologic significance are 
more common in pulmonary resection than in thoracoplasty; hence at times the 
undesirable complications of resection partially ofi'set what preoperatively ap¬ 
peared to be an advantage of saving useful lung tissue by cariying out a resec¬ 
tion instead of a thoracoplasty. 

The question of whether or not some sort of space coiTecting procedure 
should be carried out in association with pulmonary resection revolves around 
thi'ee factors: (1) the likelihood that a residual space -will pei-sist, (2) whether 
or not the overdistended Iimg ivill have less capabilities for cardiorespiratory 
perfomiance than if not permitted to overdisteud, and (3) whether or not 
residual foci in the overdistended lung will spread or be reactivated and the new 
disease be less successfully controlled. 

The first of these factoi's depends eutii'ely upon the indirtdual situation and 
is not strictly a matter involrtug pulmonary physiology. 

The second factoi*, namely, the effect of overdistention on pulmonary func¬ 
tion, has been the subject of considerable investigation. The early studies in¬ 
volved chiefly overdistentiou following pneumonectomy and suggested that 
marked overdistention caused a diminution of pulmonaiy function. Our ex¬ 
perience and that of others indicates that, aftei* wedge and segmental resection, 
there is none or but slight functional change and that the slight overdistention 
can be ignored. "SThen a shrunken lobe is removed, the remaining hmg is over¬ 
distended before resection and postoperative studies disclose no further chan<^e. 
If a large amount of healthy lung is removed during lobectomy, a drop In 
maximum breathing capacity and a slight decrease in ventilation with a more 

marked decrease of oxygen uptake by the liuig remauiins on the resected side 
usually occurs. 


^ ia this case a tailoring thoracoplastv has little 

effect on the maxunnm breathing capacity, except to decrease it slightly Ld io dimirSh 



16S 


THE .JOURNAL. OF THORVCIC SURGERY 


fomer size during maximum expiration; iienco tlie residual capacity usually 
shojvs little or no cliange in its absolute volume. TJiese comments as to pul¬ 
monary volumes relate to the lung tissue as a whole that is present heiore and 
after operation. Considering a single lung, for example, the right lung befm-e 
and after removal of a moderately good left lung, it is obvious that as tlie re¬ 
maining right lung enlarges to help till the space of tlie removed left lung, the 
total volume of the right lung n-ill become definitely larger at full inspiration 
and also ■will be larger at full expiration than it was prior to I'esection. This 
enlargement is referred to as “emphysema” and has been grossly misinterpreted 
to be synonymous with diffuse obstructive emphysema, whereas the two con¬ 
ditions are strikingly different, especially as to quantitative aspects of functional 
impairment. 



A 


B. 


Fig S (Case 3)—J. W «as a SG-jeai-oW man, onset disease. 1948, increase of disease 
and svmptoms, 1952 Tubercle bacilli nerer found Combined antibiotic tlieiabr fl\e montlis 
Wedge resections of left upper and lower lobes by Dr E S Welles, October. 1951. showed both 
te<=iions to be soUd and caseous The larger one, 2 cm in diameter, slioued Gaiilfy III but nas 
neVatue on culture and guinea pi^ A, Oct 16, 1952, soUd tuberculous lesions, posterior seg¬ 
ment left upper lobe and superior segment left lo\ver lobe B, Feb 5, 1953, appearance alter 
wedge resection on Oct 27, 1952 


If any useful lung tissue is left on the side of the resection, broncho- 
spirometric measurements will show slight to marked reduction in the function 
of the remnant depending on the volume of useful lung that was removed. Al¬ 
most without exception tlie remnant participates more in ventilation than it 
does in oxygen uptake. This is to be expected since ventilation is chiefly a 
function of the relatively undisturbed thoracic parietes, while oxygen uptake 
is a manifestation of blood flow through the lung. Apparently the stretched air¬ 
ways and alveoli function better than does their stretched vascular bed. 
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The question of whether or not prolonged overdistention will eventuate in 
true obstructive emphvseiua cannot be answered at this time. We have observed 
one patient, with overdistention of both lower lobes resulting from marked 
contraction of both upper lobes, who in the course of sixteen years has not 
developed any evidence of true diffuse obstructive emphysema. Jlore tune must 
elapse before this important question can be clarified. 

The third factor, namely, that the overdistended lung may have less 
capabilities to control old and new tuberculosis is also still debatable. Past 
experience suggested that the overdistended lung ivas less able to contiol 
tuberculous infection and some suppoi't for this belief was obtained from the 
concept that overdistention is the opposite of relaxation, the latter being con¬ 
sidered an important factor promoting healing in tuberculous infection. 
Present evidence, however, indicates that under ehemotherapj’ spreads and leac- 
tivation of tuberculosis are less common after resection than was formerlj true. 
At the Twelfth Yeterans Administration Army and Kaw* Conference on Chemo¬ 
therapy of Tuberculosis.® data were shown indicating no significant difference 
between two groups of patients, all of whom had received chemotherapy; one 
group had a thoracoplasty after the lobectomy, the other had no thoraco¬ 
plasty after lobectomy, A critical evaluation of this data requires more in¬ 
formation than was furnished. Nevertheless, it strongly suggests that a tailor¬ 
ing thoracoplasty is of unproved A'alue in protecting the remaining lung 
against tuberculosis after resection. 

The e'vidence against the necessity of a space-correcting thoracoplasty 
following resection is mounting. We are doing them less and less frequently, 
but still prefer to individualize. If freshly healed disease or large nodules are 
left behind and overdistention of a severe grade is anticipated, rve still do a 
space-correcting thoracoplasty. If experience shows this to be unnecessary, 
this procedure too will be abandoned. 


Up to this point emphasis has been placed upon the use of procedures 
which are likely to cause further decrease in respiratory function. There are 
two conditions in which surgery may increase respiratory reserves. These are 
(a) the lung which is encapsulated in an inelastic peel, and (b) the lung in 
which large cysts have so displaced and compressed the remainder of the 
lung that respiration is impaired. 


The removal of a thick encapsulating peel is usually not difficult, but we 
have admsed it only when we have believed that the patient would obtain 
significant benefit by its removal. When fibrin is deposited upon the lung and 
the thoracic parietes, it becomes organized and is less yielding than the normal 
pleural membrane. The amount of consequent impairment is dependent upon 
the degree to which the peel resists stretching and the extent to which the 
underlying lung has been damaged by intraparenchymal disease and the 
extent to which healthy lung tissue is collapsed. Mere symphysis of the pleurae 
causes no measurable alteration of function, but if the lung and thoracic 
parietes become less freely movable by reason of a relatively nmieldin- 
envelope, there is always a reduction in the degree to which the under 
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ventilation witli sliglit furtlior decrease of oxygen uptake on tlie resected side (Fig. 4, 
Table I). Our evidence indicates tliat a five- or even a six-rib tailoring thoracoplasty after 
lobectomy has no beneficial and but little further harmful effect on pulmonary function. 

After pneiunonectoiny, if the remaining lung is permitted to fill the chest 
completely, overdistenfiou ma}- be marked though under some circumstances the 
remaining lung contributes relatively little to filling the space and is conse¬ 
quently hut slightly overdisteuded. Generally, the severe overdistention after 
pneumonectomy will be associated with a reduction of the maximum breathing 
capacity. In some this is slight, and in others, moderately severe, A space- 
correcting thoracoplasty to-avoid severe overdistentioii uniformly causes further 
slight to moderate reduction of the maximum breathing capacity. Gaensler 


Fig:. 4 (Case 4).—S. P. vvas a man, 3G years old; left upjjer lobectomy March 4, IS-*®' 
tuberoulovts stenosis le£t upper lobe bronchus: tailoring tlioracoplasty, left. May 14, I®!®- 
A, April 2T, 1349, left hemitliorax fllled by overdistended left lower lobe. B, June 13, 195U, 
after tailoring thoracoplasty, ribs one to five; rib six resected at time of lobectomy. 

and Strieder= have demonstrated that if overdistention is prevented by plombage 
of air or Ivaloii sponge, resection of a nonfimctioiiing lung causes no loss of 
maximum breathing capacity. At present, from the standpoint of pulmonary 
function alone, we do not believe a thoracoplasty is indicated after resection 
except possibly folloiving pnenmoneetomy. Until we know tliat severe displace¬ 
ment of the mediastinum is benign from a cardioeirculatory aspect over a period 
of years, we prefer to avoid severe displacement. We believe that a plombage is 
a more physiologic way to prevent the displacement, bnt prefer to accept the im¬ 
pairment caused by thoracoplastj' until shown that plombage can be tolerated 
for years without infection. 
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The alternathe to decortication would have been an extensive thoracoplasty. This 
patient now has essentially normal function. Thoracoplasty would liavc icsulted m further 
loss. Being a young hoy with an excellent opposite lung, ho probably would have tolerated 
this procedure but would have been unnecessarily handicapped foi the future. 

Ill general, ive have fouiicl no correlation between the length of time a 
Imig has been collapsed and the degree of success of decortication. The eil’ect 
of decortication as a means of obliterating an empyema space is beyond the 
scope of this paper. 

In decortication for the restoration of function removal of the pailetal, as 
well as the visceral, peel should be performed. The maximum improvement 
can he obtained only by removing the peels over the diaphagmatic surface 
and freeing the costophrenic sinus. 

The way in which a preoperative quantitative evaluation of cardiorespira¬ 
tory function may serve a utilitarian purpose is demonstrated in the following 
series of patients. 



years. ' Disease hich years old; extensive tuberculosis, right lung, five 

throughout right lung B An??!* subsequently c eared A, Oct 22, 1942, disease 

Physiologic studies retealid luns\'oappearance of fllnf^ 


the OR bilateral tuberculosis sin 

of t d- cleared, leaving virtually no visible residue. At the tir 
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lying Inng participates in respiration. The effect of this on “total” respiratory 
function inaj^ be slight to marked, dependent upon the function of the opposite 
lung. 

Wlieu there is no residual iileural space and loss of function of the in¬ 
carcerated lung is slight, there would seem to be little reason to decorticate, 
because decortication itself is rarely so skillfully performed that the end 
result is a normally functioning hemithorax. Also, there is little to be gained 
by removing the peel and restoring mobility of the chest if the underlying 
lung has been so badly damaged that normal gas exchange is impossible. In 
such instances, even though ventilation may be increased, there may be little 
or no increase in oxygen absorption. 



A B. 

Fig. 5 (Case 5).—F. S. was a 17-year-oM boy; acute onset, pleurisy with effusion, 1950 ; 
developed into tuberculous hydropneumothorax. L*ung could not be expanded. Decortication 
Sept 9, 1950, thick parietal and visceral peels containing tuberculous granulation tissue were 
removed. A, Aug. 16, 1950, hydropneumothorax, right. B, April 6, 1951, seven months post- 
decortication. There is still evidence of peel along lower mediastinum and over diaphragm. 

We have frequently been unable to predict the effect of a technically 
successful decortication on pulmonary function. In this regard, it is helpful 
to study roentgenograms of the lungs before pleural trauma occurred. If 
these roentgenograms suggest that a large volume of healthy lung tissue has 
subsequently become encased, a decortication would seem advisable. The 
maximum chance of benefit seems to be in those cases in which a lung with 
disease of slight extent has been encased in a peel while under a high degree of 
collapse. 

Case 5.—This case illustrates tlie effectiveness of decortication. F. S., a 17-year-old boj, 
had an early tuberculous empyema. The lung could not be expanded. Table I gives tlm 
data before and after decortication (Fig. 5). 
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A B. 

Fig. 7 (Case 7).—F. C. was a 21-year-om woman; onset age IC wit!) extensive disease, 
left Treated by bed rest and temporaiy phrenic, left, w itli resolution of disease. Readmitted 
five years later with two large cavities, right. Both became larger under pneumothorax which 
was abandoned. Physiologic studies prior to pneumonectomy. A, June, 1946, right lung despite 
two large cavities was accounting for 48 per cent of oxygen absorption. Lateral films revealed 
both cavities to be posterior. Although left lung now relatively clear, its function is impaired. 
B, Sept. 4, 1946, Jfonaldi catheter in place in upper cavity, anterior approach. Catity not 
visible. Lower cavity not visible after posterior resection of ribs five to eight, preliminary to 
posterior Monaldi drainage: catlieter never introduced because of cavity closure. 


Fig. 


7C-—June 15. 



1952. appearance six years later Patient of 

valient at home, sputum negative. 
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From this finding \ve suspected extensive bronchial disease, but bronchoscopio examina¬ 
tion showed no abnormality in either bronchus, other than some reddening around tlie rigid 
upper lobe bronchus. This area bled easily. The paucity of bronchoscopic findings, together 
TOtli the fact that breath sounds were audible, though of diminished intensity, and the fact 
tliat no persistent wheeze was demonstrable on that side influenced some to doubt tlie presence 
of diffuse airwaj’ obstruction in the right lung. The quantitative physiologic data shown in 
Table I revealed a quite marked diminution in the maximum breathing capacity, slight 
increase in residual air, but a striking interference with ventilation and oxygen uptake 
and carbon dioxide output on the right. The bronchospirometric tracings showed that 
although the right lung could take in air, it trapped this air and it was only during 
subsequent breaths that the air was finally expelled from the right lung. 

An examination of the arterial blood obtained during exercise showed some degree of 
arterial unsaturation. "We believed that these data clearly demonstrated the presence of 
some sort of an obstructing mechanism in the airways diffusely distributed throughout the 
right lung. In view of the bronchoscopic findings, it was apparent that the branches of the 
bronchial tree distal to its main divisions must bo the site of this obstruction. Since the 
lung was virtually nonfunetioning, it was decided to change the therapeutic program from 
pneumothorax to a pneumonectomy. 

This was done and the resected lung showed a moderately severe tuberculous 
bronchitis involving most of the divisions of the right airway, beginning in the secondary 
bronchi at a point distal to the areas that could be visualized by the bronchoscopist. This 
case demonstrates the manner in which physiologic examination may disclose unanticipated 
findings of importance. Pneumothorax would have eventuated in an unexpandable lung 
and possibly empyema. A pneumonectomy, which on clinical grounds alone may have ap¬ 
peared wasteful of good lung tissue, actually destroyed little useful lung and avoided a 
long, hazardous and likely fruitless form of treatment. 

Case 7.—F. C. is a 21-year-old woman who first developed bilateral tuberculosis at the 
age of 16 years. Originally the disease was most extensive on the left, but this cleared 
leaving behind scattered linear and nodular scars. At the time of our study, two large cavities 
and scattered densities were seen throughout the right lung as shown in Fig. 7. After an 
adequate period of bed rest and an ineffective right pneumothorax ufthout improvement, other 
therapy was advised. 

Because of the extent of the disease in the right lung, it was felt that a pneumonec¬ 
tomy would be the treatment of choice. Prercsection studies in our laboratory disclosed 
the data shown in Table I. The large extent to which the right lung participated in 
ventilation and oxygen uptake was surprising. A lateral film showed the two cavities 
to be located in the superior segment of the lower lobe and in the posterior segment of the 
upper lobe. This case demonstrates the degree to which observation of a roentgenogram 
can bo misleading, especially when only the conventional posteroanterior view is con¬ 
sidered. Because of the large extent to which the right lung participated in re.spiration, 
it was deemed unwise to sacrifice the entire lung until other methods less likely to 
destroy the lung had been tried in an attempt to control the disease. Monaldi 
drainage of the upper cavity and a pre-AIonaldi thoracoplasty over the lower cavity were 
accompanied by cavity closure and conversion of the sputum. 

Case S.—This 27-year-old woman was given a pneumothorax on the right side which 
became complicated by an effusion and was abandoned at the end of one year because of 
obliteration of the space. Subsequentl.v, she had a cavity in the left lung for which a 
pneumothorax was instituted with exactly the same results. A cavity had persisted at the 
left apex. She complained of dyspnea on moderate exertion but on a clinical basis nas 
considered to be an acceptable surgical risk for a left thoracoplasty. 

Fluoroscopy disclosed marked restriction of motion of both hemidiaphragms and ribs. 
The degree of pleural involvement is shomi in Fig. 8. The physiologic data arc shown in 
Table I. The normal volume of residual air suggests that there is no significant degree o 
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The neaxlv fatal effect of the on<=et of menses is of practical as well as physiologic 
importance. We have repeatedly been told by women, whose breathing reserves are low. 
that dvspnea is more severe in the first day before the onset of menstruation and persists 
thns for two or more davs. ilenstrual turgescence of the bronchial mucosa. 
a part in this phenomenon. Had we avoided decostalization of such a large area and had 
the operation been timed to take advantage of the intermenstrual period, we believe the 
operation would have caused much less severe respiratory distress. 


Case 9.—S. A. was a oO-year-old man with extensive bUateral tuberculosis. He was 
unusuaUy apprehensive; because of the extent of the disease and the complaint of dyspnea 
on exertion he was thought by some on clinical grounds to be a prohibitively poor risk for 
bilateral surgical collapse. The physiologic data, sliomi in Table I. disclosed a maximum 
breathing capacity considerably larger than anticipated and no evidence of diffuse obstructive 


emphysema. 



A. B. 

Flo 9 (Case 9)..—S. -V. a 50-year-old man: bilateral cavitar>' disease three years: pneu¬ 
moperitoneum three j ears; temporarj- phrenic, left: diabetes melhtus A, Xot. 15, 1950, ex- 
tensne bilateral disease: eletation left diaphragm. B. Jan. 12, 1952, appearance after flve- 
rib extraperiosteal thoracoplasty u itli Lucite plombage on left. i\ itli subsequent removal of 
Lucite spheres and ribs Later, similar procedure on right. Sputum negatite on culture. 


Because a conventional bilateral thoracoplasty would require more stages and would 
sacrifice more lung tissue witli a less satisfactory collapse than can be obtained by extra¬ 
periosteal plombage and subsequent removal of the plomb and overlving ribs, we chose to 
carry out the latter procedure in this partieidar case. An extraperiosteal Lucite plombage 
with subsequent removal of five ribs was performed on the left with no appreciable loss of 
function. This encouraged us to carry out a similar procedure on the right (Fig. 9). 


In so far as the postoperative periods are concerned, none was characterized by unusual 
distress. The physiologic data disclose that the thoracoplasty on the right was' followed 
by a considerable drop in the maximum breathing capacity. Unfortunatelv. our final studies 
had to be made only ten weeks after the last operation. We would ex-pect the maximum break¬ 
ing capacity to be somewhat higher after a longer recovery period. The diseased area on the 
right was surrounded by a larger amount of aerated Inng than that on the left; hence, the 
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empliysema present. The low maximum breathing capacity we believed to be due to the 
marked restriction of thoracic expansion consequent to the pleural membrane. Tins is also 
indicated by the very small total volume of the lung. tVe believed tliat thoracoplasty on the 
left could be carried out even though the left lung participated to a normal degree in 
respiration. Because of the bilateral pleural envelope and the knowledge that much greater 
force than normal was required in order to bring about ventilation in both lungs, we stated 
that the thoracoplasty should be done in small stages, every effort being made to keep the 
area of denuded chest nail as small as possible. 

At the first stage of the thoracoplasty one of us removed the entire first and second ribs, 
including the cartilage, and a posterior segment of the third rib to the anterior axillary line. 
Moderately severe paradoxical motion of the denuded area promptl.v developed, but she 
was able to maintain adequate ventilation, and the distress was not intolerable or ex¬ 
tremely alarming, until with the onset of menstruation she deteriorated very abruptly. 
During the first two dn^s of menses, respiratory efforts were more marked and in spite of 
maintenance in an oxygen tent and efforts to immobilize the chest wall, it was not be¬ 
lieved that she would survive this period. Gradually the paradoxical motion lessened 
somewhat but she remained dyspneic at rest. 



Pig-. S (Case S )—A L vas a woman 27 years old; curing for five years, bilateral dis¬ 
ease bilateral ca\ities, successue pncumothoiax each side; in each instance fluid formed anp 
pneumothorax was abandoned. Dyspnea on slight exertion for four years A, Nov 1,. 194 1 , 
bilateral disease, canty left apex, obliteration of costqplirenic sulci. A, Aug. IS, 19 fS, first- 
stage two and one-half iib thoineoplasty, left, Aug. 5, 1948. Note extent of anterior decostal 
izatjon 


Fluoroscopy approximately one month after the operation clearly demonstrated the 
marked paradoxical motion of the chest wall, the underlying tissues moving en masse to the 
right side during inspiration and back again during expiration. The mediastinum moved 
quite far to the right on inspiration and returned to the midline during expiration. In this 
particular patient removal of the second rib and cartilage along with the first rib and 
cartilage deeostalizcd moie than two thirds of the anterior chest wall down to a level 
opposite the posterior end of the ninth nb. The mechanism of the paradoxical motion 
of the chest w-all is obvious. 
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Tlie ueatW fatal effect of the onset of menses is of practical as well as physiologic 
importance. VTe have repeatedly been told by women, whose breathing reserves are low. 
that dyspnea is more serere in the first day before the onset of menstruation and persists 
thus for two or more days. Alenstrual turgescence of the bronchial mucosal may play 
a part in this phenomenon. Had we avoided decostalization of such a large area and had 
the operation been timed to tahe advantage of the iiitemienstrual period, we believe the 
operation -would have caused much less severe respiratory distress. 

Case 9.—S. A. -was a oO-year-old man with extensive bilateral tuberculosis. He -was 
unusually apprehensive: because of the extent of the disease and the complaint of dyspnea 
on exertion he "was thought by some on clinical grounds to be a prohibitively poor risk for 
bilateral surgical collapse. The physiologic data, shown in Table I, disclosed a niaximum 
breathing capacitv considerably larger than anticipated and no evidence of diffuse obstructive 
emphysema. 



F-ig 5 (Case 9).—A a $0->ear-ol<i man; bilateral cavitarj- disease three years; pneu- 
niopentoneuni three years; temporarx* phrenic, left; diabetes meUitus A, Xov. 15, 1950, ex- 
tensixe bilateral disease; eJeiatmn left diaphragm. Jan. 12, 1952. appearance after five- 
T iMth Lucite ptombage on left, with subsequent removal of 

i-.\ cite spheres and ribs Later, similar procedure on ngl.t Sputum negative on culture. 


Because a eouveational bilateral thoracoplasty vould require more stages and would 
sacrifice more lung tissue with a less satisfactory collapse than can be obtained by extra- 
periosteal plombage and subsequent removal of the plomb and overlying ribs, we chose to 
caiy out the latter procedure in this particular case. An evtraperiosteal Lncite plombave 
^th subsequent removal of fire ribs was performed on the left with no appreciable loss of 
function. This encouraged ns to carry out a similar procedure on the right (Fig. 9). 

diet pf" * the postoperative periods are concerned, none was characterized bv unusual 

dntress, ^le physiologic data dhclose that the thoracoplasty on the right was’foUowed 
T \ ? “ maximum breatlung capacity. TJnfortunatelv, our final studies 

had to be made only ten weehs after the last operation. We would pmppt *i o - p, 

b. higte ” T."” 

b,. ,:iEib.r“ sistrL:.:: 
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emphj-senia present. The low maximum breathing capacity we believed to be due to the 
marked restriction of thoracic expansion conseijuent to the pleural membrane. This is also 
indicated by the very small total volume of the lung. "We believed that thoracoplasty on the 
left could be carried out even though the left lung participated to a normal degree in 
respiration. Because of the bilateral pleural envelope and the knowledge that much greater 
force than normal was required in order to bring about ventilation in both lungs, we stated 
that the tlioracoplastj’ should be done in small stages, every etfort being made to keep the 
area of denuded chest wall as small as possible. 

At tile first stage of the thoracoplasty one of us removed the entire first and second ribs, 
including the cartilage, and a posterior segment of the third rib to the anterior axillarv* line. 
Moderately severe paradoxical motion of the denuded area promptly developed, but she 
was able to maintain adequate ventilation, and the distress was not intolerable or ex¬ 
tremely alarming, until with the onset of menstruation she deteriorated very abruptly. 
During the first two days of menses, respiratory efforts were more marked and in spite of 
maintenance in an oxygen tent and efforts to immobilize the chest wall, it was not be¬ 
lieved that she would survive this period. Gradually the paradoxical motion lessened 
somewhat but she remained dyspneic at rest. 



A. B. 

Fig. 8 (Case 8).—A, L. was a woman 27 years old: curing for five years: bilateral dis¬ 
ease, bilateral cavities, successive pneumothorax each side; in each instance fluid formed and 
pneumothorax was abandoned. Dyspnea on slight exertion for four years. A, Nov. 17, ISii, 
bilateral disease, cavity left apex, obliteration of costophrenic sulci. B, Aug. IS. 194S, tlrst- 
stage, two and one-half rib thoracoplasty, left. Aug. 5. 1948. Note extent of anterior decostal- 
ization. 


Fluoroscopy approximately one month after the operation clearly demonstrated the 
marked paradoxical motion of the chest wall, the underlying tissues moving en masse to the 
right side during inspiration and back again during expiration. The mediastinum moved 
quite far to the right on inspiration and returned to the midline during expiration. In this 
particular patient removal of the second rib and cartilage along with the first rib and 
cartilage decostalized more than two-thirds of the anterior chest wall down to a level 
opposite the posterior end of the ninth rib. The mechanism of the paradoxical motion 
of the chest wall is obvious. 




WOODRUFF ET AL.: PULMOXARY PHYfelOLOGY AXD THORACIC SURGERY 1(9 

7. The luug per se is an enormous capillary heel, snspendeel in air, Yhich 
can transmit a widely variable volume of blood with relatively slight changes 
in pulmonary artery pressure. 

8. The body is possessed of an adaptive mechanism whereby circulation 
is shunted from a collapsed or diseased area to a more normal area. Poorly 
or unventilated but still distended portions of lung have a diminished pul¬ 
monary capillary blood flow. 

9. The remarkable degree to Avhich the pulmonary capillary bed can be 
enlarged by increase of cross-section area of the capillaries and perhaps bj 
opening of previously nonperfused capillaries is demonstrated by the fact 
that, when both lungs are approximately normal, ligation of a pulmonary 
artery to one lung causes only transitory elevation of the xmlmonary artery 
luessure. 

10. Pulmonary function studies are valuable adjuncts in the over-all 
assessment of an individual prior to thoracic surgery and are necessary in 
borderline cases. Such studies are of value in helping to determine the 
jjatient’s ability to withstand a particular ijrocedure and also in deteianining 
which procedure is likely to be best tolerated. The more limited a patient’s 
respiratory reserves, the more imxjortant it becomes to know the tjqje of 
limitation and its extent. 
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DISCUSSIOX OX “smATERAL BROXCHIECTASIS; A CLIXICAL AXD PHYSIOLOGIC 
EVALUATIOX OF THE RESULTS OP SURGICAL TREATMEXT,'' BY DR. EDGAR P. 
MAXXIX, JR.. DR. FRAXCIS S. GERBASI, DR. CHARLES E. o'bRIEX, AXD DR. RICHARD 
H. ALDER, DR. W. -VRXOLD MC ALPIXE, AXD DR. HARPER ICERR; AXD “dECISIOXS 
IX THORACIC SURGERY AS IXFLUEXCED BY THE KXOWLEDOE OP PULJIOXARY 
PHYSIOLOGY, ' BY DR. WARRIXER WOODRUFF, DR. CARL G. JIERKEL, AXD 
dr. GEORGE W. WRIGHT 


DR FREDERICK 6. KEEGIX, Toronto.—I should like to discuss Dr. Mannix’s paper 

sulnec-r 1 "-"“r “'’"V'™ ^ mvestigation of an important 

-nhiect. It IS true, as he suggested, that we have had some interest in bilateral resections 
and we have a group of some fifty patients who have had hUateral resections in the past Our 
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drop in maximum breathing capacity after the second thoracoplasty may have been duo 
chiefly to a greater collapse of healthy lung tissue. It is also possible that interference 
ivith the leverage mechanism of cliest-wall motion may have been an additional cause. 

It has been our experience that bilateral thoracoplasty, regardless of how it is per¬ 
formed, nearly always causes more drop in the maximum breathing capacity after the second 
side is done than after the first. This case demonstrates that quantitative measurements 
may correct an erroneous impression of respiratory impairment which has been based on 
clinical grounds alone. It also demonstrates the utility of extraperiosteal plombago. We 
have been using extraperiosteal Lucite plombage with increasing frequency in poor-risk 
patients since its introduction for this j)urpose by Dr. Elliott Michclson, in 1949, at the 
Veterans Administration Hospital at Sunmount, N. Y.s 

As a result of our studies and observations in this field, we have found the 
following concepts to he practical and helpful guides in making surgical de¬ 
cisions on patients with respiratory problems; 

1. The lungs are passive structures in so far as air movement is concerned. 
Under natural conditions air movement is entireljr a result of and directly 
proportional to the changes in the volume of tlio thorax, caused by movement 
of the thoracic parietes. 

2. The lungs and thorax act as the “pump” which brings air to the 
pulmonary capillary bed for gaseous exchange. It is the mechanics of this 
“pump” with which we are primarily concerned. 

3. In the normal individual, the factor limiting peak physical exertion is 
not the “air pump” but the cardiovascular system. The normal person is 
endowed with far greater respiratory powers than circulatory abilities. 

4. Because of the tremendous pulmonary reserve, there can be extensive 
pulmonary damage without critical respiratory limitation. For instance, the 
untrained normal man can augment oxygen uptake to a level of eight to ten 
times that used in the resting state. For short periods of time the volume 
of respired air can be increased fifteen- to twenty-fold. Cardiac output, 
however, can be increased only four or five limes. 

5. The capacity of the respiratory apparatus to pump air is dependent 
upon many factors. Among these are: 

(A) The integrity of the thoracic parietes. Any factor damaging them and 
diminishing their abilit3' to move will diminish the effectiveness of the 
pump as a whole. Causes for impairment are: (1) defect of chest wall; 
(2) restricting pleural membrane: and (3) neuromuscular impairment, 
such as phrenic paral.vsis or intercostal pain. 

(B) Unimpeded airways, not only in the major bronchi but, even more im¬ 
portant, in the smaller bronchioles. 

(C) Compliance of the lung. Any factor decreasing the distensibilit.v, be it 
inflammation, edema, fibrosis, or emphj’sema, will impair the action of the 
pump, depending upon the degree of involvement. 

6. The lungs seem to be capable of considerable overdistention before 
showing appreciable signs of functional impairment. This has a direct bear¬ 
ing upon the question of collapse therapj’- following resection. 
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^Ve have developed a concept of pulmonary segments, and Dr. Boyden lias numbered 
those segments, as you all know, ten on the right and eight on the left. Most of the 
patients shown by Dr. Mannis had entire lobectomies of the lower lobe, probably because all 
segments were involved. However, it is still widespread practice to take the superior segment 
of°the lower lobe whether or not it is involved, and we know too that it will occasionally be 
involTed. 

No one has emphasized that the superior segment of the lower lobe is of large volume 
with three subsegments, each of which approximates in volume any single basal segment. I 
think that in the ten segments on the right, nine of those should he given the value oi one, 
but the superior segment of the lower lobe should be thought of as a unit of three, so far 
as volume goes. Therefore, if in bilateral lobectomy tlie superior segment, although free from 
disease, is taken on each occasion, in my opinion the equivalent of six of the smaller segments 
is avoidablv lost. Preservation of this amount of normal lung is of tremendous fimctional 
importance, especially where the e.xtent of necessary resection reduces respiration to a 
marginal capacity. 


DB. BOBEBT T. FON, Evanston.—wish to discuss Dr. Woodruff's paper. At the 
Alunicipal Tuberculosis Sanitarium in Chicago, we too are faced with a certain group of 
far-advanced bilateral cases who can be brought along just so far on bed rest, chemotherapy, 
and the various inflation collapse measures, and then are offered no hope unless surgery can 
be done. Many of these have to be turned down for surgery because they have too mnch 
disease. Evaluation of the borderline cases is frequently helped considerably by a program 
such as Dr. Woodruff has mentioned; in fact, our program was set np and is operated by 
Dr, Gordon Snider, one of the disciples of Dr. Woodruff and Dr. Wright, and includes 
exactly the routine that Dr. Woodruff has outlined. 

(Slide.) This case involves a Negro woman with very extensive bilateral disease. 

(Sbde.) After about a year and one-half of bed rest! pneumoperitoneum, and all the 
chemotherapy we have today (including a fairly long course of Isoniazid) the right side 
appeared almost completely healed, with a good-sized cavity remaining on the left and disease 
lower down. Unfortunately many of these patients have so mnch distortion of the bronchial 
tree that bronchospirometry is impossible or inconclnsive. and that was true of this patient, 
but fluoroscopicaUy we obtained some inferential knowledge as to the function on the left side. 

(Sbde.) She had a pneumonectomy and has done very nicely. The preoperative work-up 
shows information that led us to beUeve she was a fit candidate for resection, even without 
really accurate bronchospirometric data, and it was the clinician's feeling that 60 per cent of 
function was on the right side. The postoperative studies have not yet been completed. 

(Sbde.) Here is another ease. This was in 1945 and there is a huge cavity on the 
right side in tliis patient. She had a right thoracoplasty in 1946. 

(Sbde.) She was discharged, but some four years later the disease flared np on the 
left side. She was treated for some time with chemotherapy and pneumoperitoneum and still 
has a huge residual cavity. The question is, Gan she tolerate resection on the left? She did 
have a left upper lobe lobectomy and has done very well. 

(Sbde.) Again bronchospirometry was inconclusive but on fluoroscopic evidence we 
felt that she could tolerate the resection. Postoperative condition is good. Again, the post- 
operati\ e studies liave not t>een. completed. 

AA e liave found that these tests bring into the surg;ical field a certain number of pa¬ 
tients who we have felt were not fit candidates without such careful evaluation. 


inner T 1 MBIGHT, Saranac Lake. N. T.—I should like to discuss Dr. Manniv's 

1^07' ■ presented data wluch I think requires some ex-planation and 

emphasis. The general use of the ratio between the residual capacitv and theTot.al capacitv 
r think am be most misleading. It is well demonstrated that in diffuse obstructive emphiel 
th.. ratio IS increased, and hence we are likelv to believe that whenever the mKn ' ' .i 

there must be diffuse obstructive emphysema. Wl.en resections are done with som^Tos^of 
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interest is primarily in two questions. It seems remarkable that after the more than twenty- 
five years that we have been doing lung resections, there are some fundamental questions 
that are still open and unanswered. 

One question which is unsolved is whether in fact it is deleterious to the function of 
a'lobe to allow or encourage it to overdistend; second, does that overdistention eventuallv 
load to emphysematous changes and progressive loss of function? AVe have recently called 
in eleven patients, who had extensive bilateral resections from four to eighteen years ago, and 
have done functional studies. I think we can sum our results up by saying that if these 
patients show on the average 50 per cent of normal function, they do not complain of short¬ 
ness of breath. They are short of breath on exertion but they have become so accustomed to 
sparing themselves that they seldom have to complain of that. 

Perhaps our most illuminating case concerns a patient who is now -10 years of age, 
who had resections of the lung sixteen years ago by Dr. Shenstonc and Dr. Janes. This 
woman, starting eighteen j’ears ago, over a period of two years had resections of the right 
lower lobe, the left lower lobe, and the right middle lobe, in three stages by the tourniquet 
technique and after each stage had an empyema and fistula. She remains perfectly well, 
carrying on, and tests of this patient are perhaps worth mentioning. Maximum breathing 
capacity now is 52 per cent of normal, vital capacity is GO per cent normal, functional residual 
capacity is 2,810 c.c., and residual nitrogen is 2,1 per cent. So far as we can determine 
she is not as yet going on to a true disabling emphysema. 

DR. ARTHUR II. AUFSES, New Vork.—I would like to present a case which concerns 
a patient with extensive bilateral resection for bronchiectasis who had an unusual postoperative 
complication. This patient was a girl, aged 22, who was seen first in 1047 with severe 
bilateral bronchiectasis and a very scveie paianasal sinusitis. AVe treated the sinusitis for 
a time and tried to reduce the expectoration with antibiotics, both parcnterally and by 
instillation tlirough catheters, and finally we operated upon her when the sputum had 
diminished. 

(Slide.) This shows extensive bronchiectasis in both lower lobes, and at this time no 
thouglit that the right middle lobe was normal, but it was probably due to a poor bronchogram. 

(Slide.) This shows the disease in the lingula on the left side; a few bronchi in the 
left upper lobe were also involved. AA'e thought we would have to excise the left lower lobe 
and lingula and then perform a segmental on the right lower lobe. At this time the left 
lower lobe and lingula were resected, with an uneventful postoperative course. 

(Slide.) She returned six months later, and now the bronchograms demonstrated that 
the right middle lobe, which we thought was free of disease, was also involved. 

(Slide.) Here you See the right lower lobe; the basal segments are involved, also 
the right middle lobe and a small segmental involvement of the right upper lobe. The apical 
and subapical segments of the right lower lobe were considered to be uninvolved. She was 
again prepared and this time we performed a right middle lobe lobectomy and a segmental 
resection of the basal segments of the right lower lobe, leaving the subapical and apical 
segments of the right lower lobe in situ. For seventy hours after operation this girl had 
such terrific dyspnea that she went into pulmonary edema. The character of the sputum 
was not purulent, but was the tj-pical foamy exudation of pulmonary edema. This was treated 
by the removal of salt from the food and parenteral fluids. She came out of this pulmonary 
edema after forty-eight hours and from then on made an uneventful recovery. 

Two years later we had a bronchospiroraetrie examination performed and at this time 
she had 2,200 c.c. vital capacity and a maximum breathing capacity of 50 L. She is not 
dyspneio on ordinary activity. The only trouble at present is that the sinusitis still flares up, 
and she has upper respiratory infections with a considerable amount of expectoration. 

(Slide.) This is a roentgenogram taken a couple of months postoperatively, and the 
condition has remained practically in this state until the present time. 

DR. B. H. RAMSAY, Los Angeles.—should like to discuss Dr. Mannix’s paper 
(which was excellently presented and very interesting) and to make only a single remark. 
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apical segment sliould be preserved whenever it is free of disease, particularly in those 
patients who are to have bUateral resections. 1 think that this particular patient is an 
example of one who had progressive bronchiectasis, eventually having lesions in several 
segments of the remaining lung on each side. Xt is difficult to state whether or not he would 
have survived, even if the apical segment had been spared. 

HE. WEIGHT (aosing).—I should like to make a comment on the question of over- 
distention. This question has been before this Association almost every year since resections 
were first begun. We are beginning. I believe, to have some information of value. So far 
as the immediate effect of overdistention is concerned, one should bear in mind that over- 
distention is a relative matter. The simple procedure of going from the recumbent to the 
erect position doubles the size of a person's lungs; in other words, there is a 100 per cent 
overdistention. 

There is a very wide range through which the lung can be varied in its size or its 
degree of distention with no measurable or discernible evidences of impaired function. There 
is, however, a degree beyond which the lung cannot be distended without having some loss 
or impairment of function. The late results are of course extremely important, particularly 
in the light of the work presented before tliis Association some years ago by Dr. Longacre, 
in which he believed that in animals, dogs particularly, he had shown that prolonged over- 
distention led to development of diffuse obstructive emphysema. Dr. Kergin made a verv good 
point; does this occur in human beings. The only thing I can tell you is that if a normal 
perfectly healthy lung is overdistended within what would appear to be a reasonable phvsiologic 
range, we have been unable to discern any evidence of diffuse obstructive emphysema. I 
have had under observation two patients who have had autolobectomies (by that I mean both 
upper lobes markedly contracted so that the hilar shadows actually dangled in the ape.x). 
There is only a lower lobe left on either side. Xeitber of these patients shows anything that 
is remotely the same as the physiologic data we see with diffuse obstructive empliysema. 
So at least I can say that I know of two people who have prolonged lobar overdistention but 
who do not have diffuse obstructive emphysema. 
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lung tissue it must bo borne in mind that the total capneity can be reduced, the residual 
capacity remaining normal, leading to the same kind of abnormal ratio tliat occurs in difl’use 
obstructive emphysema, although actually there is no diffuse obstructive emphysema, 

I sliould like to ask Dr. Jtanuix, therefore, whether or not in these piatients, who show 
an abnormality of tlie residual capacity-total capiacity ratio, the absolute residual capacity was 
increased. This is the measurement that is most useful. 

The second thing I would like to ask is the amount of good lung tissue that was removed 
in the cases that did poorly postoperativcly. In our .series of bronchiectasis cases 
those who sliowcd rather marked disturbance of respiratory function after the operation 
always had severe damage before tlie operation. If good lung tissue is resected the re.'-erves 
are already so low that tlie loss of relatively small amounts of good lung tissue is much more 
damaging than the same amount of lung tissue resected in a patient with a large reserve. 
Therefore, I would like to have some notion of how mucli reasonably good lung tissue was 
sacriliced at the time the resections were done. 

DE. JIANKIX (Closing).—I wish to thank the discu.ssor.s. With regard to the 
comments of Dr. Kergiii and Dr. Wright on overdistention, wo apprecialc that this is one of 
tlie mechanisms by which the remaining pulmonary tissue tills the jilenral siiace after re.scction, 
and that then' are some patients who have neither subjective nor objective evidence of 
respiratory disability. We do not wish to imply that postoperative overdistention of the lung 
i.s as handicapping ns true obstructive emphysema. We do believe, however, that jiostopcrative 
overdistentiou is likely to produce additional disability in those patients who already luive 
obstructive emphysema or asthma. Also, there may bo a level beyond which, for any one 
patient, progressive overdistention of otherwise normal remaining lung iiarenehyma produces 
significant respiratory insufliciency. In one of our patients, who has only live segments 
remaining', and no obstructive emphysema or asthma, increasing residual air over a period 
of several years following bilateral resections was associati'd with falling arterial o.vygea 
.saturation. At the same time the patient was complaining of increasing dy.spnea. We do 
not know the explanation for this hypoxemia. There may have been a disturbance in oxygen 
gradient independent of, or due to, marked overdistention of the lung. This concept is 
speculative, since our studios did not include ineasuremeiit of alveolar and sirterial o.xygcn 
tensions. 

Concerning Dr. Aufsos’ patient, I wonder whether or not the improvonient which 
occurred physiologically later on could have been duo to disappearance of bronchial or 
bronchiolar spasm, which was present in the immediate jiostojierativo period. I wish to 
illustrate the importance of bronchiolar spasm in this respect by citing a case. The patient 
had asthma and a very low pulmonary reserve. A bronchiogenic carcinoma was jncsent in the 
anterior segment of the right upiicr lobe. When the patient was induced with ether, which is 
an agent which ordinarily dilates the bronchial tree and which actually has been used in the 
past to treat status asthmaticus, the iratient was thrown into an attack of severe bronchiolar 
spasm, with inadequate ventilatory exchange. The operation was cancelled. The patient was 
successfully induced one week later, using an agent which is said to induce broiichospasm, 
namely, cyclopropane. A right upper lobectomy was unovontfully aceonqilished. Bronchiolar 
spasm returned after operation but this was satisfactorily treated. It is well known that the 
anesthetic agent may produce spasm of the bronchial tree in both asthmatic .and nonasthm.atic 
patients. 

In answer to Dr. Wright’s question about wlicfher or not the total residual air was 
increased, these data arc recorded iii't^ie'submitted manuscript. It is my strong iccollcetion, 
however, that the total residual air was increasing in all patients whom we lind an opportunity 
to study on more than one occasion after refeetidn. 

Concerning the amount of normal lung .tissue which was removed, there was a period 
at Ann Arbor when some concern was felt about leaving the apical segment of the lower lobe. 
The patient who died thirty-four months after operation had a lower lobectomy on one side, 
although the apical segment was not involved. I agree with Dr. Ramsay that the lower 
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considerablr of the accepted method of comniissurotomT lor iiutral stenosis, 
and also of mitral suturing for regurgitation. Siran-' considers it to be a 
modiScatiou or extension of his original technique. In patients where the 
defect is very low, as in cases or persistent ostium primiim. we have added the 
principle of anterior-posterior approximation of the ain-icle which was first 
presented hv l^lurrav-^ In other words, the present concept and technique 
of atrio-septo-pexy embraces freely those intraeardiac techniques which aid 
iu the successful accomplishment of its aim—the complete anatomic and physio- 
loric separation of the systemic and pulmonary venons systems 



Fiff 1.—C-oiia’s method of rtpainns: e^r^ntn^^nially prod’jced atrzal septal defects "by applyxnsr 
a patch ot iht? atrsal TvaH over tl'e defect. 

Murraw was the next to propose (194S1i a method for the closure or at 
least the reduction in size of atrial septal defects: his procedure consisted of 
passing long threaded needles from the antei-ior to the posterior atrial walls 
in the region of the septum. By tightly tying the mattress sntures so placed, 
he brought the anterior and posterior atrial walls closer or even actually to¬ 
gether. (Fig, 2.) The main disadvantage of this method was its inaccuracy, 
guided, as it was. merely by the recognition of certain extenially located 
landmarks. It is our belief that the addition of intraeardiac digital ■■vision." 
by insertion or a finger through the right (or left) aui-icular appendage, ren¬ 
ders this a valuable surgical method particularly ns an anxiliary technique in 
closing very low defects. It may perhaps prove independently corrective in 
cases of very large septal defect or of single atrium. 

_ Sv.an and his co-workers.'^ in 1950. suggested the simultaneous invarina- 
tron 01 both auricular appendages after passing g threaded curved probe from 
one appendage tip to the other via the defect. Plastic burtons threaded upon 
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S INCE the first presentation (June, 1952) of the concept and the first appli¬ 
cation of atrio-septo-iiexy foi‘ the surgical correction of abnormal inter¬ 
atrial communications,^ considerable additional experience has been gained 
in surgically treating such patients. AYhile the original basic concept has 
proved to be sound, certain technical variations have been developed in order 
to manage the different clinical variants of this situation. Thus our original 
method has been modified in cases presenting the additional abnormality of 
anomalous entrance of some or all of the pulmonary veins into the superior 
vena cava or directl}- into the right atrium. Yery low defects of the jiersistent 
ostium primum tj’^pe have been proved to be amenable to this technique. The 
coexistence of acquired mitral stenosis (Lutembacher Syndrome") in certain 
of these cases has proved no serious obstacle to successful simultaneous surgi¬ 
cal correction of both conditions. Only patients vith essentially a single atrial 
chamber have so far seemed completely unsuitable for correction by atrio- 
septo-pexy. It is believed that an extension of Murray's^ original technique 
of suturing the anterior and posterior atrial walls together (with the addition 
of intra-auricular digital guidance) may accomplish anatomic and functional 
separation of the single atrium into two chambers. 

HISTORICAL 

Cohn,^ in 1947, first showed experimentally that artificially created inter¬ 
atrial defects could be closed by invaginating and suturing a portion of the 
right atrial wall to the auricular septum; subsequentlj^ the invaginated por¬ 
tion was cut off to leave a patch over the defect. (Fig. 1.) Simultaneously 
the remaining atrial wall was repaired by previously placed mattress sutures. 
There were three obvious disadvantages. This method, as proposed, did not 
primarily completely close the defect since the atilal patch was onl}- actually 
approximated to the septal edge in four places (at each quadrant). The ex¬ 
ternal surface of the atrial patch placed within the blood stream carried with 
it the threat of intra-atrial thrombosis. The excision of a portion of the atrial 
wall implied the possibility of serious or even of exsanguinating hemorrhage. 
It is not known whether Cohn’s method was ever actually emiiloyed in a 
human being. 

Some have considered the operation of “atrio-septo-pexy” as a modifica¬ 
tion of Cohn’s procedure. It is obvious that some similaritj^ in concept exists. 
However, atrio-septo-pexy, embracing, as it does, digital guidance of the su¬ 
turing by a finger inserted through the right auricular appendage partakes 
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Jlereiidiiio and Ms associates' reported in 1951 an experimentally suc¬ 
cessful technique of closure of auricular septal defects in animals using a 
small bag or tampon created by suturing autogenous fat Avitliin a pericardial 
sac. This tampon was tightly drawn against the septum and partly into the 
defect by traction upon a suture passed through the defect and the opposite 
atrium. (Fig. 7.) 

Hufnagel and Gillespie,® in 1951, reported an ingenious method and an 
instrument capable of applying the two halves of a plastic button respectively 



Fig. 4. 

Fig. 3. Swan s method of invaginating the atrial appendages upon plastic buttons 
Fig. 4.—Inverted appendage appro-vlmated against atrial septum. 



Fig. 


5.—Digital 


guidance of probe pa.ssed through .septal 
Swan procetlure. 


<lefect 


in performance of modified 
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the traiisatrial sutures were approximated by tightly tying the sutures. (Figs. 
3 and 4.) One of us (C. Ih B.) subsequently reported a modification of this 
technique’ using a finger inserted through the left atrial appendage to directly 
guide the passage of the probe. (Fig. 5.) Experience with six patients 
operated on by this method (with two operative deaths and no instance of 
complete abolition of the shunt) convinced us that this method, so successful 
in correcting experimentally created defects, was unsatisfactory for human 
application. 



2.—Sagittal section showing Muiinys’s method of antcilor-posteiloi appio\iniation of the 
atrial walls to ieduce the size of an atnal septal defect 

The major deficiencies of the method are related to: 1. The danger of 
too greatly redueing the size of the usually small left atrial chamber by the 
invagination of the left auricular appendage or wall upon a plastic button. 
This is particularly likely when a A'cry large defect exists requiring applica¬ 
tion of a large button for its closure. 2. The invaginated appendages (Fig. 6) 
do not necessarily grow attached to the edges of the sejital defect even though 
they may grow to each other. This failure is again more likely in large de¬ 
fects. Under such'cbnditions the effective size of the defect and its consequent 
shunt might be reduced but would not be abolished. 3. In persistent ostium 
primum the low application of the invaginated appendages might encroach 
upon the entrance to the mitral A'alve. In any event, it is apparent that de¬ 
fects of this type can never be completely elosed bj' this technique. 

Dodrill” suggested the use of excluding rings on an ice-tong arrangement 
to temporarily appro.ximate the two atrial walls of the septum. Either atrial 
wall could be opened in this ai-ea to permit creation and suture repair of an 
ati’ial defect under direct vision. lie also suggested that very large defects 
might be bridged by suturing the left atrial vail to the ])eriphcry of the defect. 
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of a pei-sistent ostitim pidmiim is not to be expected. Tbe polrtbene material 
subsequently becomes covered over by endothelium derived from the edges of 
the septum. 

ii-eely admit that this is one of the tvro acceptable surgical approaches 
presently capable of effecting complete sui’gical closui'e in cases of interatrial 
septal defect. Hou-ever, a limited experience -with this method in the labora¬ 
tory leads us to the couclusion that it is a complicated technique entailing 
many inevitable risks and hazards. Not only is there risk of serious hemor¬ 
rhage aud of possible air' embolism (because of the open technique) but there 
are inherent risks of either rmder- or overheparinization of the blood. The 
use of foreign material (polythene) to replace the lack of cardiovascular sub- 
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to the opposite sides of artificially created septal defects. By turning the 
handle of the instrument, the two sides of the button become tightly screwed 
together. (Fig. 8.) AVhile this technique worked well in artificially created 
defects, Gross and his associates®- had poor results in applying this tech¬ 
nique in human beings. 

Gross®- has devised an open method of direct intra cardiac suturing 
which he has applied in cases of auricular septal defect. He has reported two 
operative survivals and four deaths. 



Fiff. G.—Autopsy specimen (human) obtained three weeks after performance of Swan 
procedure for large atrial septal defect. While inverted appendages might have become 
adherent to each other, it is evident that adherence to the septal edges would never have 
occurred. 

The technique depends upon the hemostatic suturing of a latex or plastic 
“well” to the side of the dilated right atrium. An incision is then made 
within the portion of the atrium circumscribed by the base of the ‘Gvell.” 
Blood emerging from the atrial incision fills the “well” to a depth correspond¬ 
ing to the intra-atrial pressure, usuallj^ about 10 cm. Local heparinization 
prevents clotting. 

While direct ocular Ausualization of the defect is not possible by this tech¬ 
nique, passage of palpating fingers through the auricular incision permits 
tactile or digital “vision” of the tj^pe so useful in closed intracai-diac surgery. 
Small defects can then be directly sutured by the sense of touch. Gross uses 
patches of polyethylene sheet material to span lai-ger defects, suturing the edges 
of the patch to the edge of the defect. He feels that this method is generally 
applicable in all cases of auricular septal defect, but feels that complete closure 
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ricrM atrial chamber which facilitates extensive invagination. So far we have 
observed no need for such further enlargement of the already greatly dilated 
ricrht atrium, even in smaU children. It probably needlessly complicates a 
relativelv simple technique. Furthermore, there is que.stion whether blood 
exposed to an atrial wall partially composed of pericardium might not undergo 
thrombosis. However in veiw young infants such an artificial enlargement of 
the right atrium might be veiy helpful. 


COXCEPT AXD PRLXCIPLE OF ATRIO-SEPTO-PEXY 


In its most extreme simplification, the interatrial septal defect lepiesents 
a lack or dearth of cardiovascular tissue in the partition which separates the 
primitive atrium into its two mature subdivisions. This causes ceitain un¬ 
toward effects upon the circulation, chiefly because the pressures normally 
existing in the two atria are not equal. In most uncomplicated cases the pres¬ 
sure in the left ati-ium is higher than that in the right. Hence, in the absence 
of complete continuity of the interatrial septum, considerable blood -vvill flow 
from the left atrium into the right. It is then necessary for it to travei-se the 
right ventricle and the pulmonai-y circulation before it can again reach the 
left atrium. Here a portion will again cross the septum to retrace its passage 
through the pulmouaiy circuit, while the remainder entei’s the left ventricle 
ria the mitral valve to contribute to the systemic arterial circulation. In some 
cases, the blood must pass throxigh the pulmonary circulation several times 
for each passage through the aorta. 

The exact statistical relationship of blood flow in the two circulations 
(beautifully demonstrable by cardiac eatheteiization) is dependent upon the 
size of the defect and upon the relative pressure differential existing between 
the two atria. The latter is influenced by the coexistence of other circulatory 
abnormalities, sneh as mitral stenosis or regurgitation (higher left atrial pres¬ 
sure). pulmonic stenosis (higher right atrial pressure), or high pulmonary 
vascular resistance (higher right atrial pressure). 

TTlien the right atrial pressure is higher than the left, the shunt is. of course, 
from right to left and unoxA-genated blood enters and becomes mixed with 
the arterial blood of the systemic circulation. This itrodttces an oxygen under¬ 
saturation in the systemic arteries, and. if large, causes visible cyanosis. 

In many eases, especially those with a large defect, there is both a right- 
to-left and a left-to-right shunt. Such a double shunt is possible because the 
different pre.ssure ctirves in the two atria vary in such a way (during the 
different phases of respiration and circulation) that the peak pre.ssure in one 
occui-s at a different time from the other. Under such conditions, the ma.jor 
shunt may be in one direction while the lesser one also demonstrably affects 
the i-ireulatmn (either higher oxygen content in the right atrium with a major 
nght-to-left shunt, or undersaturation of the peripheral arteries with a nre- 
pondcrant left-to-right .shunt). 


The relative intra-atrial pre.ssures and lienee the direction of the shunt 
mav ehaime midcr certain conditions such as .shock, heart failure, extreme 
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stance (the defect) raises many theoretical and iiractical objections. It seems 
extremely unlikely that other less adept surgeons will ever be able to match 
the operative results which the master technician dross may attain. 

On Sept, 3, 1352, Lewis and Tanfic” successfully closed an interatrial 
septal defect in a 5'year-old child using an open technique under hypothermia. 
Both venae cavae were temporarily occluded and the right auricle was widelv 
opened. The contents of the atrium were aspirated and the defect was closed 
by suturing under direct ocular vision. The circulation was eompletel.v inter¬ 
rupted for live and one-half minutes. 

While this was a great and notable aceomjilishment I'esulting in complete 
surgical closure of a large septal defect, it is a method which probably will 
not be found acceptable for human beings with ati-ial septal defect. Even 
before Lewis’ ease (Aug. 29, 1952) some of ns (C. P. C. and 11. E. B.) had 
operated upon a young woman with a large persistent ostium primum t.vpe of 
defect by a nearly identical method. At that time we were of the opinion that 
atrio-septo-pexy was not applicable in such a case. To onr chagrin and dis¬ 
may, coronary arterial air embolism and ventricular fibrillation ensued, re¬ 
sulting in death upon the operating table.’- Subsequent laborator.v o.vpei'ience 
with hypothermia and direct open surgery of the heart for interatrial defects 
has convinced us that the combined method is contraindicated in svwgery of 
the left side of the heart because of this very danger (coronary air embolism). 
Since an atrial septal defect automatically jirovides wide opening of the left 
atrial chamber whenever the interior of the right atrium is exposed, it appears 
that open surgery under hjppothermia (or by use of the henrt-lnng aiiparatns) 
is contraindicated in eases of interatrial septal defect. 

On Jan. 11, 1952,’ one of us (C. P. B.) performed the first atrio-septo-pexy 
in a 37-year-old white woman (P. F.) using the left index finger inserter! 
through the right auricular appendage to guide the passage of the suturing 
needle. Subsequently it was possible to demonstrate (b.r cardiac catheteriza¬ 
tion) that the defect and large lett-to-right shunt had been completely closed. 
Table I. The iiatient’s previous myocardial insufficiency promptly disap¬ 
peared. 

Table I. Catjietekizatiox Stcdies or P, P. 



TREOP, CATlr. 

IMMEU. P.O. 
CATir. 1 

1 3 Ato. P . 0 , 

1 CATU. 

PulmQuar.v artery pressure 

Bight ventricular pressure 

Bight auricular pressure 
Piilinouary arter.v Wood flow 
Systeinic Wood flow 

Left-to-right sliuiit 

Peripheral 0. saturation 

ao40 

90-10 

10-2 

17,3 L./min. 
4.1 L./min. 
13.2 L./min. 
94% 

45-50/30-35 

45-50/0-2 

10-2 

0.9 L./min. 

5.9 L./min. 

0 L./niin. 

S2% 

95% 


This surgical success and the simplicity and logic of the tcclnuque have 
led us to persist in its application in other eases of interatrial eonimunieation. 

Sehumaeker’^ has modified the original technique of atrio-septo-pexy by 
suturing a section of pericardium to the lips of a long incision surgically pro¬ 
duced in the right atrial wall. This has the effect of greatly enlarging the 
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heart It is therefore eYiderrt theoretically, as rvell as clinically that even 
complete interruption of the continuity of the normal peripheral blood supply 
to the circumscribed invaginated portion of the right atrial wall by multip e 
interlocking mattress sutures does not seriously impair the viability of this 

segment. 

INTRINSIC CONDUCTION SYSTEM 


It was feared at first that suturing to the remnants of the auricular septum 
might produce disturbances of cardiac rhythm and might even completely 
interrupt the conduction system. These fears have proved largely unfounded. 
The operative course, in these cases, is rarely attended by any rhythmic dis¬ 
turbance except for an occasional atrial premature contraction. 



Fig 9 —Showing- location of auncular-ventnoular node and conduction bundle. While 
this system may be readily encircled by a suture in the experimental animal, it is easy to 
avoid it in human beings. 

In the experimental animal, however, it is easy deliberately to encircle 
and to ligate the anriculoventricular conducting bundle (His) close to its origin 
just anterior to and slightly caudad to the ostium of the coronarj^ sinus 
(Pig. 9.) Complete auriculoventrieular dissociation results with development 
of an idioventiicular rhythm Sooner or later ventricular fibrillation super¬ 
venes ivith immediate exitus. Such possible inadvertent interruption of the 
conducting system must, therefore, he carefully guarded against in human 
beings, especially when dealing with loiv defects of the persistent ostium 
primum type. 

It is suggested that the operator attempt deliberately to localize the 
coronary ostium by digital exploration before placing anj' sutures. He should 
then keep well cephalad to that area, even if it means failure to completely 
close a small residual defect in this region. Small persistent residual defects 
permit small residual shunts hut do not preclude an excellent clinical result. 

In addition, when placing the lowermost sutures in the closure of these 
defects, the actual tjmig down of the knots should be performed gradually 
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exertion, pulmonarj’’ infection, development of pulmonary hypertension, etc. 
Thus a xireviously acjmnotic case may become cyanotic. 

In certain of the afore-mentioned conditions, the defect may have a par¬ 
tially compensatory function. Thus, in patients with total anomalous drain¬ 
age of the pulmonary veins into the superior vena cava or right atrium, the 
coexistence of an atrial septal defect is essential to the very maintenance of 
life, since the only entrance of blood into the left atrium is through the septal 
defect. 

In congenital pulmonic stenosis the right-to-left shunt through a patent 
foramen ovale or an interatrial septal defect may x>artially protect the right 
ventricle from overwork, exhaustion, and final failure. 

In any such instance, sui'gical intervention should be undertaken only 
with the greatest consideration of the logical consequences. Frequently, un¬ 
less the primary or coexisting pathology can be simultaneously corrected, 
surgical closure of the septal defect must be withheld. Fortunately, it is usu¬ 
ally possible to correct coexisting mitral stenosis, pulmonic stenosis, and 
anomalous drainage of the pulmonaiy veins either simultaneously or at a 
pre\dous operation. After the surgical correction of a congenital pulmonic 
stenosis, the right-to-left shunt is usually completely abolished, especially when 
the interatrial communication is through a patent foramen ovale, as it usu¬ 
ally is. 

Having satisfied the conditions of preserving any possible compensatory 
function of the atrial defect and of correcting of any coexisting pathology, 
the problem of surgically obliterating the defect may remain. 

Having simplified the anatomic problem to one of simple deficiency of • 
existing cardiovascular (septal) tissue, the obvious simplified need is to ob¬ 
tain excess cardiovascular tissue from elsewhere ■which can be applied to 
neutralize or overcome this deficiency. Some have employed substitute 
autogenous tissue (Schumackei’*^ and Mex-endino') or prosthetics (HufnageP 
and Gross”) in an attempt to meet this need. Others have used the iiivaginated 
right auricular appendage (Cohn^) or both appendages (Swan”'') to supply 
the deficiency. These latter efforts have suggested a more logical method of 
supplying the frequently verj" large deficiency. 

The nearly always greatly dilated outer right atrial wall woxxld seem to 
offer an ideal and adequate supply of available excess cardiovascular tissue. 
It is readily applicable to the septum by simple invagination with maintenance 
of adequate passages for the blood to travel from the respective venae eavae 
to the tricuspid valve. Accurate hemostatic suturing of the invaginated 
atrial wall to the edges of the defect is feasible using intracarcliac digital guid¬ 
ance for proper placement of the sutures. The right atrial appendage offers an 
excellent pathway for the intracardiac insertion of the left index finger. The 
approach to the tricuspid valve is not seriously diminished by such right 
auricular invagination even in cases of large persistent ostium primum. Witli 
care, even in these latter difficult cases, there need be no significant distoi’tion 
of either the tricuspid or mitral valve leaflets. 

Sliafiroff and his co-workers*'* have shown that even free grafts of atnal 
wall readily survive transplantation to various portions of the surface of the 
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The most severe specifically atrial septal deficiency is the complete ab¬ 
sence of the interatrial septum so that there is anatomically a single atiliim. 
This condition implies a complete failui’e of development of both the septum 
primum and the septum secundum. It is very rare. Most cases of so-called 
“single atz’ium” are cases in which a vei'y large atrial defect exists, per¬ 
mitting free admixture of the atrial contents. Such a ease may be considered 
functionally as a case of “single atrium,” but small ridges or remnants of 
septal tissue indicate that anatomically complete failure of development of 
one or both of the primitive septa did not occur. In such a case, as in any 
case with a very large defect, laeelike or ropelike strands of residual septal 
tissue may bridge the defect. (Fig. 10.) 

It is now our belief that by a combination of the techniques of anterior- 
posterior atrial wall approximation (Murray) and of atrio-septo-pexy that 
even in cases of single atrium the two atria can be rendered anatomically sepa¬ 
rate with consequent complete separation of the two circulations. M. K. repre¬ 
sents such a condition surgically corrected. 



J! <!hov.inE lack o£ a ridge of residua! septal tissue 

\er? comWnca defect* persistent ostium primum They may 30m forming a 


The next most serious interatrial communication is the so-called “per¬ 
sistent ostium primum.” It represents a failure of normal development of the 
septum primum. The septal opening is low, extending to the atrioventricular 
valves which may or may not be deformed. The outline of the defect is usu¬ 
ally either roughly crescentic or semicircular with the interventricular septum 
forming the lower straight margin of the defect. (Pig 11, ^l.) in some cases 
there may be a coexisting defect in the septum secundum either presented as 
an entirely separate opening, or perhaps joined with the ostium primum. 
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and deliberately with close observance of the electrocardiographic (direct) 
tracing and of the gross cardiac action. Any hregnlarity or abnormality sug¬ 
gesting beginning compression or distortion of the conduction system contra¬ 
indicates further tightening of that suture, and probably should require its 
immediate removal. 

By observance of these two precautions, interference with the cardiac con¬ 
duction system should be negligible. 

PATHOLOGIC ANATOMY 

Since interatrial communications are nearlj^ always of congenital origin 
(except when of traumatic or surgical origin) they follow certain clear-cut 
patterns depending upon the type of deficiency in embryonic dcYelopment. 
It is not the purpose of this article to undertake any detailed description of 
the embiyologic development of the heart or septum. In a previous presenta¬ 
tion' much of this has been outlined. For more profound consideration of 
the septal development, the reader is referred to the several excellent available 
texts on embryologjL 



Pig 10 —Lacelike oi netlike strands of tissue may bridge an atrial septal detect. 


The most extreme cardiac malformation in which an interatrial com¬ 
munication is prominent is called atrioveiitricularis communis.' Here not only 
the lower atrial septum but also the upper ventricular septum is defective so 
that all four cardiac chambers are in free communication in the region of the 
atrioventricular valves. At the present time we are unable to visualize any 
practical method of performing corrective surgery for this condition. 
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Figr. 13.—^Large dimple produced by atrio-septo^pexy in redundant right atrium, converting 
atrial chamber Into doughnut shape. 





C. 


D. 


tig. 14. C, and i?. Method of closure of ver\' deep lower edee of ntri^i k \ t 

progressive application of deep approximating sutoes * 
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While we originallj^ felt that defects of this type could not be completely 
closed surgically, by the addition of one or more sutures emplojdng Murray’s^ 
principle, atrio-septo-pexy has proved a very satisfactory and completely 
elfective surgical method. 

The central defect of the atx’ial septum is the commonest type of atrial 
communication. It is due to improper development of the septum secundum. 
It may be large or small, but the small defects are seldom recognized during 
life because they permit only a small shunt and hence few clinical symptoms. 
The central defect may approach, overlap, or include the foramen ovale but, 
unlike the latter, does not have a valve on the left side of the opening. There¬ 
fore, the resulting shunt may be in either direction or even biphasic. 

The central defect is the easiest of all to close surgically. The small ones 
may be simply sutured together. "Wniile Gross®- is content with simple 
closure of such defects, we feel that it is preferable to invaginate and to at¬ 
tach the redundant right atrial wall to the closed defect for reinforcement of 
the suture line. (Fig. 12, A and B.) 



A. B. 

Fig. 12.— A, Direct suture closure of a small atrial septal defect (Gross). B, Invagination 
and suturing of right atrial "waU to reinforce simple suture line of closed atnai defect. 

The larger central defect is also usually easily closed hy atrio-septo- 
pexj^ with an adequate passage for the superior vena caval blood flow being 
preserved posteriorly. A large (anterior and eephalad) portion of the dilated 
right atrial wall, including the auricular appendage, is invagiiiated and su¬ 
tured to the edges of the septal defect, producing a large eccentric “dimple 
in the atrium. (Fig. 13.) Occasionally the larger defects extend so low 
toward the anricnloventricular valves that they present certain of the surgical 
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Of especial interest because of its frequency (seven in tventy-one operated cases) 
Since it is partiaUv or completely compensatory, it sbonlcl not be closed nnt 
provision has been made for preservation of a subsequent adequate type oi 


circulation. 

Fortunatelv, in tbe majority of cases, only part or all of tbe veins of tlie 
right hmg enter the right atrium and/or the superior vena cava. In such 
causes the anomalous veins can be, in effect, transposed into the left atrium by 
the same maneuvers u'hich close the defect. This technique has been described 
by Neptime, Bailey, and Goldberg."" For the sake of simpHfication it is pos¬ 
sible to consider that the portion of the atrial vail which contains the entrance 
of the anomalous veins is the portion invaginated and sutured to the edge of 




A. B. 

Fip. 1C.—-4, Reroutin'' of superior \ena caval flow forward by closure of posterior defect. 
B, Rerouting superior vena caval flow between two areas of invaginating suture repair of 
small atrial defects. 

the defect. The location of the defect (posteriorly) which is uniformly close 
to the entrance of the vein orifices, pi'obahly satisfjnng certain embryonic 
relations or requirements, renders such a direct application of the mouths 
of the vessels into the defect simple and feasible. In actual practice, especially 
when one or more of the veins actually enters the superior vena cava, it is 
technically simpler to suture the redundant right atrial wall to the anterior 
edge of the defect in such a way that the atrium is divided into two compart¬ 
ments. The posterior smaller compartment is excluded from the rest of the 
right atrium and contains the septal defect and the entrance of the anomalous 
veins. The stream of the superior vena cava is separated from the anomalous 
pulmonary vomms flow by a row of dividing mattress sutures and is directed 
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problems risually associated with persistent ostium primum. ^Yhile there is, 
in these cases, always a ridge of septal tissue extending up from the valve 
level, it may be fragile or even lacelike in character. It is also deeply Located 
within the dilated right atrium. Secure suturing of the atrial wall to this 
ridge then becomes difficult, and if the septal remnant is fragile suturing may 
be impossible. While sufficient diminution in the size of the defect and hence 
in the amount of shunt may be attainable for clinical amelioration udthoiit 
complete surgical closure of the defect, such incomplete procedures are ob¬ 
viously undesirable. 

The beginner may be content merely to reduce progressively this residual 
lower portion of the defect by additional mattress sutures which progressively 
approximate the points of attachment of the invaginated wall to the septum. 
(Fig. 14, A, B, C, and D.) The more exiicrienced operator will prefer to place 
one or more anteroposterior approximating sutures after the method of 
Murray.^ These will effectively close the lower portion of the defect and will 
complete the correction. The intracardiac digital control of the placement of 
these sutures makes this portion of the procedure very satisfactory. (Fig. 15.) 



L - 

Fig. 15.—Application of one or more nntcrior-postcrior approxlmoting mattress sutures after 
the method of Murray to clo.se lower margin of persistent ostium prlmum. 

Eccentrically located septal defects and multiple defects provide no 
special hazards or clifficnlties (except the possibility of overlooking and 
therefore of failing to correct the additional lesion). In certain cases they 
will cause the surgeon to re-route the superior vena caval flow anteriorly or be¬ 
tween two areas of approximation of the atrial wall to the septum. (Fig. 16, 

A and B.) _ 

The interatrial comnninication associated with anomalous entrance ot m 
pulmonary veins into the right atrium or into the superior vena cava is one 
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or preferably to the true left atrial chamber at its base. At the same time, 
any communication to the coronary sinus or to any systemic veins must be 
interrupted. (Fig. 20, A.) 


Fig. 18, A. Fig. 18, B. 
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forward into the anterior and larger right atrial compartment. This compart¬ 
ment also drains the inferior vena cava and empties into the tricuspid valve 
(Fig. 17, A and B.) 

While the exact anatomic details vai-y in such cases, there is usually a left 
(as well as right) superior vena cava. The left pulmonary veins drain into a 
common venous tiunk which joins the left superior vena cava. The latter 
may cross behind the great arterial vessels to empty into the right superior 
vena cava, or it may drain directly into the coronary sinus. (Fig. 18, A 
and B.) 



Fi£r 17 —Aj Anatomic nearness of atrial defect to mouths of anomalous right pulmonary 
veins suggests a developmental explanation B, By a row of sutures applied as to approxi¬ 
mate the septum and the outer wall of the right atrium, the latter is subdivided into two 
compartments (1) a small posterior one into which the anomalous veins drain and com¬ 
municate with the left atrium through the septal defect, and (2) a large anterior one com¬ 
municating the venae cavae and coronary sinus with the tricuspid valve This completely 
separates the two circulations 


When the pulmonary venous drainage of both lungs empties into the right 
atrium and/or superior vena cava, a two-stage procedure is usually necessary. 
The exact surgical details depend upon the particular anatomic variant to be 
dealt with. Since the atrial defect in these cases offers the only possible mode 
of ingress of blood into the left atrium, it must not be closed until part or all of 
the pulmonary venous return can entei the left atrium by another route. 

The right pulmonary veins may empty directly into the right atrium, 
and/or the right superior vena cava, or (as in a case recently seen) the left 
superior vena cava before it joins the right. (Fig. 19, A and B.) 

In any event, the first logical surgical step for the correction of such a 
combination is an operation of the Muller type’® upon the left, in which the 
left pulmonary venous trunk is anastomosed either to the left atrial appendage 
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or preferably to tbe true left atrial chamber at its base. At the same time, 
any communication to the coronary sinus or to any systemic veins must be 
interrupted. (Pig. 20, A.) 


Fig. 18, A. Fig. 18. S. 



Fig. 19, A. 


superior vena cava^ (Msterfo^‘ vi^ew"”'' Itnu^rS'.may empty 

' ^ > inay join the left 
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At a second operation, by a right-sided approach, the septal defect is 
closed and the right pulmonary drainage is transposed into the left atrium by 
the method of modified atrio-septo-pexy previously described. (Fig. 20, B.) 
However, in the case mentioned, since the right pulmonary veins were already 
in communication with the left veins rda a portion of the left superior vena 
cava, it would only have been necessary to separate the communication to the 
right superior vena cava to permit all pulmonary veins to enter the left atrium 
via the stump of the left auricular appendage. The septal defect could then 
be closed in the usual manner at a subsequent procedure. (Fig. 21, A, B, and C.) 


M -v 


// 




N 


Jy , 







A B. 

Fig" 20— A, The first stage of correction of total anomalous \enous drainage is anas¬ 
tomosis of the left pulmonary \enous trunk to the left atrium By The second stage is the 
transposition of the right \enous drainage by modified atno-septo-pexy 

For the sake of completeness, a persistent patent foramen ovale must be 
considered among the interatrial communications. Since the foramenal valve 
is nearly always present and competent, any existing shunt must alwaj^s be 
from right to left. A persistent foramen ovale is therefore only functional as 
a transatrial commimication when the pressure in the right atrium is higher 
than the pressure in the left atidnm. The usual clinical condition in which 
this situation exists is isolated congenital pulmonic stenosis Such patients 
frequently show cyanosis or oxygen undei'saturation of the peripheral arterial 
blood because of the passage of unoxygenated blood from the right atrium 
into the left through the persistent patent foramen ovale. Adequate relief of 
the pulmonic obstruction by direct surgical attack permits the right atrial 
pressure to decrease. When it becomes less than that in the left, the 
foramenal valve closes abolishing further shunt. In such cases, it is apparently 
unnecessary to attack the foramen itself. 
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Fig. 21.—A and B, "When the veins from both lungs join the left superior vena cava, the 
first step Is a lateral anastomosis of the left venous trunk to the side of the left atrium. The 
second step is the separation of the pulmonary venous flow from the systemic veins. C, At a 
second stage the septal defect is closed by atrio-septo-pexy. 
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Lntembacher syndrome,- by definition, consists of mitral stenosis plus 
an interatiial communication. Taussig'® considers that the existence of an 
interatrial communication predisposes to the development of rheumatic in¬ 
fection and hence of rheumatic mitral stenosis. On the other hand, Lutem- 
hachei'-’ '■ felt that the great dilatation of the left atriiun which sometimes oc¬ 
curs in mitral stenosis resulted in extreme enlargement of the foramen 
ovale and in incompetence due to distortion of the foramenal valve so that a 
left-to-right shunt could occur. 

The experience of the senior author (C. P. B.), comprising operative 
intervention in four cases of Lutemhacher syndrome, would tend to uphold 
Taussig’s opinion since a true atrial defect was present in each instance. 



Piff. 22.— A, Performance of digital mitral commissurotomy via ri^ht atrial appendage 
and the septal defect. Incisional commissurotomy may be similarly accomplished. B, Closure 
of septal defect to complete cuie in Lutemhacher syndrome. 

However, it is evident that regardless of the type of interatrial com¬ 
munication in a case of Lutemhacher syndrome, complete surgical correction 
of the condition requires both relief of the mitral stenosis by adequate com¬ 
missurotomy and subsequent closure of the defect. In one of the turn cases of 
Lutemhacher syndrome detailed herein, a previously unrecognized septal 
defect was found during the course of a mitral commissurotomy. After com¬ 
pletion of this procedure the left thoracic wound was immediately closed and 
entrance was made through the right chest for a simple atrio-septo-pexy. In 
the other case, an accurate preoperative diagnosis permitted primary entrance 
through the right thorax. The mitral valve was approached via the right 
auricular appendage and the septal defect. A digital commissurotomy was 
performed with the left index finger, both commissures being split to produce 
a mitral orifice capable of passing two fingers into the left ventricle. The 
large defect was then closed in the usual manner by atrio-septo-pexy. Had 
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instrumental comniissiu-otomy been necessary, no particular ^culty in in¬ 
cising the valve vronld have been experienced because of this unusual ap¬ 
proach. (Mg. 22, A and B.) 

If, for some reason, it should be necessary to close a persistent patent 
foramen ovale, atrio-septo-pexy Avould offer an ideal and simple method. 

CUiaCAL COXIK3E AXD PROGNOSIS 

Abbott” states that uncomplicated auricular septal defects, even -when 
of verv large size, usually run their course unthout symptoms until later 
middle life "when these patients commonly die ivith the appearance of a 
terminal cyanosis and signs of right ventricular asystole. 

Taussig^® states that patients with interatrial septal defects usually have 
little trouble in childhood and early adult life but experience great piogies- 
sive "cardiac enlargement and gradual loss of myocardial reserve uirtil con¬ 
gestive heart failure supervenes. She estimates the average length of life in 
such patients at about 40 years. Bailey, Downing, and their associates^ have 
pointed out that there is a great variation in the clinical course and in the life 
expectancy in various individuals with interatrial communications. Some die 
in early infancy, while others live to an apparently normal life span rvithout 
rmusual difficulty. 

Undoubtedly the course depends largely upon the magnitude of the actual 
shunt and upon the intrinsic vigor and vitality of the heart muscle. However, 
associated and intercurrent conditions such as the presence of mitral stenosis, 
or the development of pulmonai-y hypertension (evidence of increase in pul- 
monai’y vascular resistance) are undoubtedly determinative of the clinical 
features in many instances. 

Probably the most important single pertinent featnre is the size of the 
defect since it does much to determine the size of the flow or shunt between 
the atria. Undoubtedly, most pei-sons with a large atrial septal defect "udll 
show signs and symptoms of loss of cardiac resen-e relatively early in life. 
This is not surprising when we consider that in such cases the pulmonary 
blood flow is frequently several times that of the peripheral. Such inef¬ 
ficiency of the heart as a pnmp leads to great and persistent overwork ivith 
consequent sharp drop in the usual great myocardial reserve. 

Portimately it is now possible to diagnose accurately nearly every case of 
significant interatrial comnumication by catheterization. The only source of fre¬ 
quently unavoidable error is the presence or coexistence of anomalous pulmonary 
venous di-ainage. However, since this condition produces a left-to-right 
shunt very similar to that seen in uncomplicated atrial septal defects, it 
equaUy needs surgical correction. It is nearly always associated with a co¬ 
existing interatrial communication. Since the required surgery is, in most 
cases, of a very similar nature (except where actual lobectomy is contem¬ 
plated) the exact differentiation between these conditions is more of didactic 
than of cHnieal importance. 

It must be emphasized that no presently existing method of studv in¬ 
cluding cardiac catheterization, is capable of accurately diagnosmg the type 
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and size of the interatrial septal defect. Fortunately, practically all such 
defects are readily amenable to corrective surgery. Therefore, exploratory 
surgery may ahvays he considered as necessary in cases of evident septal 
defect. 

TECHNIQUE OF ATRIO-SEPTO-PEXY 

Let US first discuss atrio-septo-pexy in its most simplified and classical 
form: for a central defect of the septum seeundum. With the patient in the 
supine position, a transverse incision is made over the right anterior thorax 
to permit wide exposure of the right fourth interspace. Bleeding points are 
clamped and ligated or coagulated. The fourth interspace is widely opened 
with division of the fourth and fifth cartilages at the sternum. The internal 
mammary vessels are divided between clamps and are ligated. 

The right lung is compressed and tlie pericardium is widelj' opened 
parallel to, and 1 cm. anterior to, the right phrenic nerve. The anterior lip 
of the pericardium is suspended anteriorly by traction sutures. 

The greatly distended right atrium is then visualized and palpated. An 
attempt is made to establish the existence or absence of anomalous pulmonary 
veins which may drain to the superior vena cava or directly into the right 
atrium. The aortic arch and the pulmonary artery are inspected for hypo¬ 
plasia, dilatation, and abnormal pulsations or thrills. 

A purse-string suture of No. 2 braided silk on a curved atraumatic needle 
is applied about the right atrial appendage. The ends of the purse-string 
suture are incorporated within a Rumel-Belmont tourniquet for ease of hemo¬ 
stasis during subsequent intraeardiac digital manipulations. 

A noncrushing clamp of the Satinsky portacaval or the Potts curved 
ductus type is placed across the base of the right auricular appendage. A 
2 cm. incision is then made into the lumen at the tip, and all obstructing 
trabeculae are carefully divided. An assistant picks up each lip of the ap- 
pendageal incision and after flushing with saline, the ungloved left index 
finger of the operator is inserted into the incision. As the clamp is removed 
Prom the appendage the bare finger tip is readilj^ inserted deeply into the ar¬ 
terial chamber. 

Exploration is carried out methodically. The superior and inferior venae 
eavae are first located, and then an attempt is made to feel the ostium of the 
coronary sinus. The tricuspid valve is located anteriorly and the exploring 
finger is tentatively passed through it into the right ventricle to corroborate 
its identity and to estimate the size of its aperture. Any incompetence or 
stenosis of this valve is noted. 

Then a search is' made for the septal defect, starting in the region just 
above (cephalad to) the tricuspid valve. Particular effort is made to deter¬ 
mine whether there is a ridge of septal tissue above the aurieuloventrieular 
valve or whether it is completely lacking (indicative of a persistent ostium 
primum). The finger sweeps around the periphery of the defect to determine 
its size, its shape, the presence or absence of trabeculae, the nature and extent 
of the tissue making up the edges or remnants of the septum, multiplicity of 
defects, etc. 
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After generally exploiing the defect, the finger is passed along the pos¬ 
terior (vertehral) margin of the defect and the months of the pulmonary veins 
are located as being either to the left (normal) or to the right (anomalous) 
of the posterior septal remnaut. 

Finally the finger tip is passed well through the defect to palpate the left 
auricular appendage and then posteriorly and iuferiorly (caudad) into the 
mitral valve. Any regurgitation or stenosis is identified, and its degree. If 
appreciable mitral stenosis exists it must he corrected by digital or digitally 
guided instrumentation via the atrial defect. All of the usual rales of mitral 
commissurotomy (Bailey. Bolton, and Redondo-Eamirez-®) must he ohsem ed, 
especially with regard to the dangers of production of serious reguigitation. 

The line of suturing of atrial wall to septum is now planned. Provision 
is made for preservation of an adequate intra-auricular passageway for the 
fiow of the superior vena eaval blood to the tricuspid valve. In central de¬ 
fects the passageway is preserved posteriorly and the first sutui’es placed are 
to the posterior edge of the septal defect routing the vena caval flow behind 
it. In eases with anomalous drainage of the right pulmonary veins, the flrst 
sutures are placed in the anterior edge of the septal defect and the superior 
vena caval flow is re-routed anteriorly. 

The actual atrio-septo-pexy is then begun. The finger is drawn out until 
only the terminal phalanx remains within the heart. A heavy siUi or cotton 
suture on an atraumatic curved needle (similar to that used for the purse 
string of the appendage) is passed from the lateral atrial wall near the en¬ 
trance of the superior vena cava into the lumen of the right atrium, and then 
into the edge of the septal remnant in this area. The tip of the curved needle 
is then caused to turn back on itself repunctiu-ing the septal remnant (to pro¬ 
duce a mattress suture effect) and to emerge fi-om the lateral atrial wall at a 
httle distance from its entrance. An assistant grasps it and draws the needle 
from the heart in a turning or rotaiy fasliion. The suture ends are then tied 
down with considerable tension in order to traumatize somewhat the included 
auricular wall and septal tissue so that secure approximation and healing 
win result. It is considered best to interrupt each mattress suture. (Fig. 23. 
A, B, C, and D.) 

Each subsequent suture is applied in overlapping fashion so that one- 
half of the septal and atrial wall approximated hy the previous suture is in¬ 
cluded in each subsequent one. Thus the line of atrio-septo-pexy would seem 
to be ensured as anatomically intact. Usually the mattress sutui’es are ap¬ 
plied parallel to the edge of the septal defect. This eventually results in a con¬ 
siderable reduction in the size of the defect by a purse-string-like action. How¬ 
ever, individual mattress sutures may he applied at right angles to this line. 
. "We do not feel the need of a double line of approximating sutures and fear 
that it might reduce the residual right atrial chamber unduly. 

The redundant right atrial wall is rather readily approximated to the 
septal edge in the upper portion of the atrium (near the superior vena cava) 
m all eases. In the case irith anomalous right pulmonary venous drai'na*<^e 
this ease of approximation to the septal edge is general in aU portions of the 
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suttire line. However, in low-placed, large, central defects it may be diffi¬ 
cult to approximate the right atrial Avail to the loAver (caudad) septal margin. 
An extra large curAmd needle renders the application of sutures in this area 
much easier. It is ahvays preferable to haA'e actual atrial Avall-septal contact 
by adeqxiate atrial invagination before attempting to pass the suturing needle. 

When the loAver margin of the defect is A^ery deep, simple direct suturing 
to the right atrial Avail can be aecoinijlished bj* using a rather large cuiTed 
needle. IIoAvever, this necessarily encompasses a large part of the redundant 
atrium so that it is excessively used up by sixch large suture bites. HoAvever, 
if the operator applies this large needle as described, he may merely pass it 

A. B. 




A 



c. . . 

FiS 23.— A, Digital exploration of septal defect via “PP^^^.^^tna^ed^rfght 

ent of alst suture in atrio-septo-pexy. C, Progressive ^ 

xial wali to periphery of septal detect. D, Completion of atrio septo pex>. 
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until it becomes completely disengaged from the septam 

pletely emerge from the right atrial chamber. The needle holder then grasp 

Sfelvging point of the noodle end “ 1 , 001,0 it np,“ fedtreot.ng ,t so 4at 


Fig 24 



Fig 25 


Fig 2G 


anomalous superior p, 

d(Msion\nd^tu?e'”®‘'’ separation of superior ^ena caral and anomalous pulmonary flow 
Pig. 2G—Continued separation of systemic and anomalous pulmonic venous flon 
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the “heel” of the needle emerges in reverse fashion from a selected site on 
the atrial Avail about 1 cm. from the original site of entrance. The needle is 
completel 3 ' remoA'ed from the heart in this retrograde fashion. When this 
suture is tied doAvn, only a limited portion of right atrial Avail aauII be sacri¬ 
ficed. The extra needle puncture hole AA'ill usuallj’' not CA’en require a stitch. 

In cases Avith anomalous pulmonarj' A'enous drainage AA'here one or more 
pulmonaiy A’eins actuallj^ enters the superior A'ena caAm, it is necessary at least 
to diA’ide the A'ena caA’al channel bj' a roAv of mattress sutures. (Fig. 24.) 
Probablj^ it is preferable actuallj' to dmde it anatomically betAveen tAvo Potts 
toothed clamps of the ductus tj'pe. The A'ascular continuitj^ can then be re¬ 
established bj' fine continuous silk sutures. (Fig. 25.) The line of A’ena caA'al 
dmsion is subsequentlj’ made continuous AA'ith the line of suturing of atrium 
to the anterior septal edge. (Fig. 26.) 

In all cases Avith anomalous venous drainage the uppermost and loAi-er- 
most sutures should be placed before the central ones, lest prior application of 
the central ones interfere technicallj' Avith the secure application of the less 
accessible ones at the extremities of the suture line. 

In patients AA-ith Ioav central defects, great care should be taken to pre¬ 
serve sufficient of the redvAndant right atrial Avail Avliile completing the upper 
(cephalad) portion of the defect closure to permit the extenshm atrial in- 
A’agination needed in the loAver portion. In certain cases it maj' be neeessaiy 
to use one or more anterior-posterior approximating mattress sutures emploj’- 
ing ]MuiTaj'’s principle. The intraeardiae finger guides a large slightly curved 
needle from the upper (anterior) portion of the atrium to, into, and through 
the loAver septal remnant. The needle point traverses the anterior-posterior 
extent of this remnant and emerges from the posterior atrial Avail. It is draAvn 
through and then is passed back in mattress suture fashion, this time crossing 
the atrial chamber AAdthout penetrating the loAver septal remnant, emerging 
close to its point of entrance. Tight tying doAvn of this suture brings about 
anterioi'-posterior approximation of the atrial Avail in this area and largelj' 
completes the closure of the loAver portion of the defect. One or more such 
parallel sutures AAdll usuallj' complete the atrial separation. (Eefer to Fig. 15.) 

A A’ery similar technique maj' be applied in cases of persistent ostium 
primum, but here the suture actually traverses the substance of the uppermost 
extremitj’ of the interventricular septum (median raphe betAveen the tAA'O 
auriculoA'entricular A'alves). 

While this modification of the standard technique of atrio-septo-pexy 
Avould seem preferable in cases of persistent ostium pi’imum, an alternatiA'e 
method is proA'ided bj' using an additional left auricular approach for the 
guiding left index finger. This technique Aims used in the patient JI. G. and 
permitted complete closure of the lOAA’er margin of a persistent ostium primum 
by simple atrio-septo-pexj' AA'ithout using iilurraj’'’s principle. (Fig. 27.) 

The loAA' anatomic location of the left atrial appendage makes digital 
guidance of the suturing of the loAver margin of an auricular defect, by this 
approach, much easier than by the usual right approach. HoAvever, this 
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method requires transection of tlie stermnn and opening of both 
cavities. believe sncb an extensive thoracic wonud to be unduly hard 

on the patient. 

RESULTS IX THIS PRESENTED SERIES 

Table II shows the defects of septum secundum, and Table III lists the 
defects of septum primum (persistent ostium primum). 

In a series of fourteen patients presenting a defect of the septum secundum, 
two patients were found with coexisting mitral stenosis (Lutembaeher syn¬ 
drome), and there were five patients with anomalous entrance of the pul¬ 
monary veins into the right atrium and/or the superior vena cava. These as¬ 
sociated conditions were simultaneouslj’^ corrected. The two operative deaths 
in this series occurred on the operating table. One patient (C. C.) was shown 
at autopsy to have a complete thrombosis of the left pulmonary aitery, sug¬ 
gesting that anoxemia due to right lung collapse may have precipitated the 
cardiac standstill. 



27.—Lotv anatomic position of left atrial appendage renders digital exploration and 
suture guidance by this route more satisfactory in very low defects such as persistent ostium 
pnmum. 

The other patient (Y. N.) was in very poor condition preoperatively with 
an unstable blood pressure. 

In seven patients with defects of the septum primum, complete surgical 
closure was accomplished in four instances. However, death occurred in three 
eases. In one patient (I. D.) death was apparently related to depression of 
myocardial activity due to application of hypothermia as an adjunct to 
surgery. In one patient (SI. G.) a renal shutdown appeared immediately 
after surgery. The third patient (G. H.) was in very poor condition before 
and during snrgei'y. presenting a serious type of hypotension throughout. 
Circulation failed to become adjusted in the postoperative period. 

In the snri-iving patients, postoperative catheterization has been carried 
out in six instances to date. Four of these studies have revealed complete 
abolition of the shunt and correction of the defect and associated lesions. In 
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the “heel” of the needle emerges in reverse fashion from a selected site on 
the atrial wall about 1 cm. from the original site of entrance. The needle is 
completely removed from the heart in this retrograde fashion. "WTien this 
suture is tied down, only a limited portion of right atrial wall null he sacri¬ 
ficed. The extra needle puncture hole ■will usually not even require a stitch. 

In cases Avith anomalous pulmonary A'enous drainage Avhere one or more 
pulmonaiy A'eins actually enters the superior Amna caAm, it is necessary at least 
to diAude the Amna caAml channel by a roAv of mattress sutures. (Fig. 24.) 
Probably it is preferable actually to dhdde it anatomically hetAveen tAvo Potts 
toothed clamps of the ductus type. The Amscular continuity can then be re¬ 
established by fine continuous silk sAitures. (Fig. 25.) The line of vena caval 
dmsion is subsequently made continuoiis AAuth the line of suturing of atrium 
to the anterior septal edge. (Fig. 26.) 

In all cases Avith anomalous A’enous drainage the uppermost and loAver- 
most sutures should he placed before the central ones, lest prior application of 
the central ones interfere technically AA’ith the secure application of the less 
accessible ones at the extremities of the suture line. 

In patients AAuth Ioav central defects, great care should he taken to pre¬ 
serve sufficient of the redundant right atrial Avail Avhile completing the upper 
(cephalad) portion of the defect closure to permit the extensive atrial in- 
A’agination needed in the loAver portion. In certain cases it may he necessary 
to use one or more anterior-posterior approximating mattress suPires employ¬ 
ing Murray’s principle. The intracardiac finger guides a large slightly curved 
needle from the upper (anterior) portion of the atrium to, into, and through 
the loAver septal remnant. The needle point traverses the anterior-posterior 
extent of this remnant and emerges from the posterior atrial Avail. It is draAvn 
through and then is passed hack in mattress suture fashion, this time crossing 
the atrial chamber AAuthout penetrating the lower septal remnant, emerging 
close to its point of entrance. Tight tying doAvn of this suture brings about 
anterior-posterior approximation of the atrial Avail in this area and largely 
completes the closure of the loAver portion of the defect. One or more such 
parallel sutures Avill usually complete the atrial separation. (Kefer to Fig. 15.) 

A very similar technique may be applied in cases of persistent osthim 
primum, but here the suture actually traverses the substance of the uppermost 
extremity of the interventricular septum (median raphe betAveen the tAVO 
auriculoventricular Amhms). 

While this modification of the standard technique of atrio-septo-pexy 
would seem preferable in cases of persistent ostium primum, an alternative 
method is provided by using an additional left auricular approach for the 
guiding left index finger. This technique Avas used in the patient JI. G. and 
permitted complete closure of the loAver margin of a persistent ostium pnmum 
by simple atrio-septo-pexy AAdthout using Murray’s principle. (Fig. 27.) 

The loAV anatomic location of the left atrial appendage makes digital 
guidance of the suturing of the loAver margin of an auricular defect, by this 
approach, much easier than by the Aisual right approach. However, this 
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method requires trausectioa of the sternum and opening of both 
cavities. IVe believe such an extensive thoracic wound to be unduly hard 
on the patient. 

RESULTS rx THIS PRESEXTED SERIES 

Table II shows the defects of septum secundum, and Table HI lists the 
defects of septum primum (persistent ostium primum). 

In a series of fourteen patients presenting a defect of the septum secundum, 
two patients were found with coexisting mitral stenosis (Lntembacher spi- 
drome), and there were five patients with anomalous entrance of the pul¬ 
monary veins into the right atrium and/or the superior A'cna cava. These as¬ 
sociated conditions were simultaneously corrected. The two operative deaths 
in this series occurred on the operating table. One patient (B. C.) was shown 
at autopsy to haA’e a complete thrombosis of the left pulmonary artery. sug¬ 
gesting that anoxemia due to right lung collapse may have precipitated the 
cardiac standstill. 



, . F'ig-. 27 .—Low anatomic position of left atrial appendage renders digital exploration and 
suture guidance by this route more satisfactory in \'erj* low defects such as persistent ostium 
primum. 

The other patient (Y. K.) Avas in I'ery poor condition preoperatii'ely A\-ith 
an unstable blood pressure. 

In seven patients with defects of the septum primum, complete surgical 
closure was accomplished iu four instances. However, death occurred in three 
eases. In one patient (I. D.) death rvas apparently related to depression of 
myocardial aethity due to application of hypothermia as an adjunct to 
surgery. In one patient (il. G.) a renal shutdoim appeared immediately 
after surgery. The third patient (G. H.) was in A-ery poor condition before 
and during surgery, presenting a serious tj-pe of hj-potension throughout. 
Circulation failed to become adjusted in the postoperative period. 

In the surviving patients, postoperative catheterization has been carried 
out in six instances to date. Pour of these studies have revealed complete 
abolition of the shunt and correction of the defect and associated lesions In 
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two, it is evident tlmt a small residual interatrial eominunication and shunt 
persists. However, tlie clinical improvement has been remarkable even in these 
patients. All evidence of impairment of myocardial reserve has disappeared, 
and they have returned to full normal activity. Indeed, only one ijatient in the 
entire series (hi. S.) has failed to make a complete clinical recovery. 

CASE llEUORTS 

Cask 1.—P. F., Haliiicnmiin Hospital, No. G3121, a white woman, 3S years old, was 
operated on .Ian. 11, 1032. A heart iniiriaur had heoii })re.5eat from birth. One year prior 
to admission dyspnea on e.xertion developed, becomini; progressively more ine.apacitatiiig. 
Three mouths before admission, cardiac catheterization was performed at another liosjdtal. 
The catheter passed through an atrial se5)tal defect and the blood oxygen studios demonstrated 
a largo Icft-to-righf shunt. On physical examination the heart was enlarged. There was no 
thrill. The pulmonic second sound was markedly accentuated. A rough. Grade 3, systolic 
murmur was heard in the third loft inter.space. O'hc electrocardiogram showed marked right 
ventricular hypertrophy and strain. On lluoroscopy the pulmonary vascular markings were 
greatly accentuated. The heart was enlarged to right and loft. The right auricle and ven¬ 
tricle were very prominent. The left cardiac chambers were of normal size. The main pul¬ 
monary artery was hugely dilated, and the right and left pulmonary arteries were very prom¬ 
inent. Pulsations were increased. The aorta appeared relatively small. 

At operation on Jan. 11, 15)52, the interatrial septal defect was completely obliterated 
by atrio-septo-pexy. The early iiostoperativo course was marked by much ditliculty with re¬ 
gard to retained bronehial secretions. Bronchoscopy was necessary on four successive days. 
On the second postoperative day auricular tibrillation dcvclo])cd but was readily controlled. 
On the sixth day a right paravertebral thoracic nerve block, T 3 to T S inclusive, was per¬ 
formed because of persistent right chest pain. Throughout the remainder of the hospital stay 
the patient's condition progressively improved, although there was persistence of rfilos, bron¬ 
chial breathing, and dtdiaess at the right base. At no time was there cyanosis or venous 
distention. No murmur was audible, and there was a signillcant decrease in the intensity of 
the pulmonic second sound. Fluoroscopy before discharge showed the pulmonary vasculature 
to be unchanged, but there was a decrease in the transverse diameter of the heart. Cardiac 
eatheterlzatiou indicated that there now was no Icft-to-right shunt. 

Case 2. — M. S., Hahnemann Hospital, No. 735)01, a 41-year-old white woman, was op¬ 
erated on Aug. 4, 15)52. The patient had had rheumatic fever at the age of IG years. Heart 
murmur was first delected eleven years ago. Subsequent repeated rheumatic cjiisodes fol¬ 
lowed. Exertional dyspnea, nocturnal dyspnea, and orthopnea were also present, and the 
patient experienced near-syncopo upon descending stairs. Harsh systolic murmur was heard 
at the apex and along left sternal border. Preoporative cardiac catheterization revealed 
atrial septal defect, anomalous pulmonary venous drainage into the rigid atrium or superior 
vena cava. Atrio-septo-pexy and transposition of anomalous pulmonary veins into the right 
atrium were performed. Postoperative catheterization revealed the previous left-to-right 
shunt Imd been completely eliminated. Patient had a good postoperative course and is 
asymptomatic. 

Case 3.—B. C., nahnemann Hospital, No. 74S55, a white woman, 40 years old, was 
operated on Aug. 25, 1952. Heart murmur had been noted 15 years previously. There had 
been progressive exertional dyspnea for the past year with occasional ankle edema. Pro- 
operative cardiac catheterization revealed an atrial septal defect with anomalous pulmonaij 
venous drainage into the right atrium. Over-all left-to-right shunt, O.G L. per minute, was 
present. Atrio-septo-pexy was performed on Aug. 25, 1952. During the opoiatixo pio 
coduro, cardiac arrest occurred; the usual supportive measures were not clTectiial in resusci¬ 
tating the heart boat, and the patient o.xpircd on the operating table. 
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Case 4—J S, Halinemann Hospital, Ho 75971, an lljear old nhite girl, underwent 
operation on Sept 19, 1952 She was subject to frequent upper respiratory infections and 
repeated illnesses until the age of 6 jears Murmur was detected during the first jear of life 
Exercise tolerance was progressiiel) poor No cyanosis was present, however, she had ex 
per enced four episodes of syncope The heait was enlarged to two plus There was normal 
sinus rlij'thm but systolic murmur to the left of tlie sternal border at the fourth and fifth 
interspaces There was a midlate diastolic murmur in same area Preopeiative cardiac 
catheterization revealed atrial septal defect Atrio septo pexy under hypothermia (88 F) 
was performed on Sept 19, 1952 An ostium secundum about 2 cm in diameter existed as 
well as a right pulmonary vem entering into the right auricle Postoperative catheterization 
revealed a very small shunt at the atrial level, but it was not significant It was thought 
that the tip of the catheter might have been actually through the septum, perhaps between 
the sutures in the atrial wall Postoperative course satisfactory Clinical improvement is 
excellent 


Case 5 — J C , Halmemann Hospital, No 77508, a 35 year old white man, was operated 
on Oct 27, 1952 He had sufEeied from increasing fatigue and dyspnea for one year Two 
episodes of mild cardiac failure had occuired withm the past year Until 10 years ago he 
had led an active life in sports Grade 2 systolic murmur was present over the apex There 
was reduplication of pulmonic second sound and rales at both bases of the lungs Markedly 
enlarged pulmonary artery and enlargement of the left auricle and right ventricle were oh 
served Preoperative cardiac catheterization revealed interatrial septal defect and severe 
pulmonary and right ventricular hypertension, left to right shunt was present at the atrial 
level Atrio septo pexy was peiformed and a good postoperative course followed Post 
operative cardiac catheterization on March 20, 1953, revealed that the defect was greatly re 
duced but not completely closed 

Case 6—E B , Hahnemann Hospital, No 78217, a white, 44 year old woman, underwent 
operation on Nov 10, 1952 Cardiac decompensation had first occurred fomteen years ago 
It had grown progressively worse during the past year The patient went to surgery on Nov 
10, 1952, with preopeiative diagnosis of rheumatic valvular heart disease, inactive, with mitral 
stenosis, advanced, and mitral insufiicieney, minimal Findings at operation revealed mitral 
stenosis with an interatrial septal defect and some degree of tricuspid regurgitation Mitral 
commissurotomy was performed (both anterior and posterior commissures) as well as atrio 
septo pexy The patient had a satisfactory postoperative course Cardiac catheterization, 
performed postopcratively, revealed the defect to be closed 


CvSE 7 —T S , Hahnemann Hospital, No 8164T, a 6 year old white hoy, was operated 
on Jan 29, 1953 Murmur had been known to be present since birth He had frequent re 
spiratory infections, verv slight cyanosis of the lips, and limited exercise tolerance Pre 
operative cardiac catheterization demonstrated atrial septal defect, physiologically significant, 
and also suspected anomalous pulmonary venous drainage into the right atrium On Jan 29, 
1953, atrio septo pexy with transposition of the right pulmonary vein into the atrial septal 
defect was performed The patient had a very satisfactory postoperative course One 
catheterization has been performed postoperatively, but it was unsatisfactory and will have 
to be repeated Subsequent cardiac catheterization revealed the defect to be closed 


Case 8 G M, Hospital Sao Paulo, Brazil, an 8 year old girl, underwent operation on 
Peb 12, 1953 She had a history of a murmur at birth, hut no cyanosis She could onlv 
engage in limited activitv Preoperative caidiac catheterization revealed a left to right 
shunt, G L per minute An atnal septal defect was located in the center of the septum 
2 cm in diameter Atrio septo pew was performed with invagination of the atrial wal) 
0 tie edges of the defect There were no anomalous veins Postoperative course was 
satisfactorv, and chnieally it was markedly improved No postoperative cardiac cathe 
terization was done came 


CvSE 9—T E , Samaritan Hospital, Sao Paulo, Brazil, 
operated on Pch 13, 1953 He had Lutembacher syndrome 


I 61 3 ear old "white luan, was 
A murmur had been present 
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since childhood; there was no cyanosis, but he had experienced marked and progressive 
physical incapacity and failure for the past two years. Physical examination revealed 
a sharp first sound, a late diastolic murmur, and a presystolic accentuation over the apical 
region. A three plus systolic murmur was present over the entire precordium. There was 
marked cardiac enlargement. Liver was enlarged four fingerbreadths below the costal 
margin. Preoperative cardiac catheterization revealed a left-to-right shunt of 6 L. per 
minute. The chest was entered through the right fourth intercostal space. Great dilata¬ 
tion of the right auricle. The septal defect, 3 cm. in diameter, was centrally located but 
extended to the atrioventricular valve. The mitral valve was severely stenosed and a 
mitral commissurotomy was performed by digital pressure through the auricular defect 
as the heart was entered through the right auricle. Atrio-septo-pexy was accomplished 
with difficulty because of the extreme depth of the lower edge of the defect. Finally, it 
was accomplished by mattress sutures through the anterior to the posterior atrial wall. 
Postoperatively there was marked clinical improvement. There has been no postoperative 
catheterization as yet. 

Case 10.— H. N., Edgewater Hospital, Chicago, a white man, aged 39, was operated 
on March !i, 3953. The patient showed progressive inability to carry out his work as a 
welder, but was not totall 3 ' incapacitated. Preoperative cardiac catheterization revealed 
a left-to-right shunt of 6 L. per minute. At operation it was found that the right inferior 
pulmonarj’ vein entered the right auricle. There was an interatrial septal defect of 1.5 
cm. located posteriorlj- and situated close to the anomalous vein orifice. Atrio-septo-pexy 
was performed and closure of the septal defect accomplished with a diversion of the stream 
of blood from right inferior pulmonarj- vein through the defect. 

Case 11.—SI. K., Doctors Hospital, a white woman, 24 j-ears old, was operated on 
Slarch G, 1953. First knowledge of heart disease was three years ago. Gradually increasing 
exertional dj-spnea and severe palpitation had occurred during the past two j-ears. Pre- 
operative cardiac catheterization levealed a left-to-right shunt of 13.0 L. per minute. Atrio- 
septo-pexj- was performed March 6, 1953. A septal defect approximately 3 cm. in diameter 
was completely closed. The patient had a verj- smooth postoperative course. Postopera¬ 
tive cardiac catheterization has not j-et been performed. 

Case 12.—Y. N., Hahnemann Hospital, No. S3452, a 35-year-old white woman, under¬ 
went operation Slarch 9, 1953. Onset of progressive dj-spnea and precordial pain had 
begun at the age of 17 j-ears. Embolization and right hemiplegia occurred in January, 
1953, during cardiac catheterization with recover}-. The patient experienced occasional 
c\-anosis, especiallj- in the lower extremities. After cardiac catheterization was performed 
and mild hemiparesis resulted, the patient was discharged from the hospital, then re¬ 
admitted. At the time of operation, no sequelae of the hemiplegia existed. Atrio-septo- 
pexj- and reimplantation of superior vena cava into the right auricle were performed. 
The patient went into cardiac arrest and expired during surgery. 

Case 13.—J. B., Hahnemann Hospital, No. 83G39, a 22-year-old white woman, was 
operated on March 16, 1953. The patient was asymptomatic and worked as a graduate nurse 
without difficult}-. Preoperative cardiac catheterization revealed a left-to-right shunt at 
the atrial level of S.7 L, per minute. Diagnosis of the patient *s condition was atrial septal 
defect. Atrio-septo-pexy w-as performed. The postoperative course was very smooth. No 
postoperative cardiac catheterization has been performed as yet. 

Case 14.—C. F., Hahnemann Hospital, No. 83640, a white man, 22 years old, underwent 
operation March 19, 1953. Murmur had been present at birth. He was somewhat dyspneic 
upon exertion; slight cyanosis of the lips was observed. Grade 2 blowing systolic murmur 
at the apex, inconsistent at the base, was present. Preoperative cardiac catheterization 
revealed a 4.5 L. per minute shunt, left-to-right, Atrio-septo-pexy was performed. There 
were no anomalous pulmonary veins. Postoperative course has been very satisfactory. 
Postoperative catheterization has not been performed. 
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Case 15—M. S., HaJmemami Hospital, Ho. 70754, a white man, 44 years old, was 
operated on Hay 22, 1952. Hnrmur was discovered at age of 12 years. He had been asymp¬ 
tomatic until he was 36 years old when an enlarged heart was found. Fatigability, grad- 
uallv diminishing exercise tolerance with dyspnea, and nocturnal dyspnea were present. 
Eep'eated hemoptysis was present. The preoperative cardiac catheterization diagnosis was 
Lutembacher syndrome. Atrio-septo-pesy was performed and a persistent ostium pnmum 
was found. A complete closure was felt to have been obtained. However, there was great 
tension upon the sutures and the suspicion was that these may ultimately tear and repro¬ 
duce some minor interatrial communication. Good clinical result has been obtained thus 
far. Xo mitral stenosis found at surgery. 

Case 16.—D., irp lmpTriRTiTi Hospital, Ho. 7S294, a white woman, 2/ years old, under- 
went operation Kov. 10, 1952. The patient had a history of a murmur present since the age 
of 5 vears. She had been asymptomatic until sis weets ago at which time she experienced 
paroxysmal tachycardia, weakness, and near collapse. The patient had experienced mod¬ 
erate fatigue for one year. Preoperative catheterization revealed atrial septal defect and 
possible ventricular septal defect. Operation took place under hypothermia (<2 F.). 

Ventricular fibrillation occurred prior to the entry into the heart; electric shock reverted 
to normal rhvthm. Atrial septal defect closed by the closed technique of atrio-septo-pexy. 
However, ventricular fibrillation reoccurred and was again converted to a normal sinus 
rhythm with intermittent cardiac massage and electric shock. Ventricular fibrillation 
recurred again after patient was removed to the recovery room, and the patient expired. 


Case 17.—H. G., Hahnemann Hospital, Ho. 79415, an 11-year-old white girl, was 
operated on Deo. S, 1952. Questionable episode of cardiac failure had occurred at the age 
of 7 years. The patient experienced gradually increasing fatigue and decreased exercise 
tolerance. Cardiac catheterization revealed atrial septal defect, and because of deteriora¬ 
tion the patient was referred for surgery. Atrio-septo-pexy was performed. A 5 cm. inter¬ 
atrial defect was closed with the exception of a portion about 0.5 cm. in diameter. Post¬ 
operative condition seemed fairly satisfactory until the sudden cessation of respirations 
and cardiac arrest approximately twenty-six hours after surgery. Ho autopsy was obtained. 


Case IS.—G. H., Hahnemann Hospital, Ho. 80193, a white, 27-year-old woman, was 
operated on Jan. 5, 1953. She had experienced fatigue, nocturnal dyspnea, and congestive 
failure of five years’ duration. There had been one episode of cyanosis. Severe exertional 
dyspnea, and occasional ankle edema were noted. Blood pressure was 134/106; a gallop 
rhythm was present. Preoperative cardiac catheterization revealed anomalous pulmonary 
venous drainage into the right superior vena cava and the right atrium, ventricular septal 
defect (high), atrial septal defect (1), persistent left superior vena cava, and pulmonary 
vascular changes. Operation consisted of closure of interatrial septal defect and trans¬ 
position of anomalous pulmonary veins. The patient died a few hours after surgery with 
sudden respiratory distress and cardiac standstill. Cardiac massage failed to reinstitute 
function except for ventricular fibrillation which shortly ceased- 


Gase 19. K., Hahnemaim Hospital, Ho. 82658, a 25-year-old, white man, underwent 

operation Feb. 27, 1953. Cyanotic from birth, the patient experienced gradually increasing 
dyspnea throughout life; he had never been able to engage in sports. Preoperative cardiac 
catheterization revealed a left-to-right shunt at the atrial level of 5.5 L. per minute. A 
diagnosis of atrial septal defect, dynamically significant, and associated anomalous pul¬ 
monary veins draining into the right auricle was made. Atrio-septo-pexy was performed 
with transposition of the right pulmonary vein into the septal defect, thus transposing the 
drainage into the left auricle. The defect was found to he about 2 inches in diameter and 
appeared to be persistent ostium primum. The postoperative course was rather stormv 
with physical findings compatible with some degree of obstruction of the inferior vena 
cava developing on the eighth postoperative dov. 


Case 20.—A. C., Hahnemann Hospital, Ho. 84126, a white bov, 17 vears old wa 
operated on Harch 24, 1953. Gradually increasing exertional dyspnea and'orthopnea hai 
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becii present for five yenrs. He avus unable to attend scliool because of increasing fatigue. 
Preoperative cardiac catheterization revealed atrial septal defect, irith significant left-to- 
right shunt. Atrio-septo-pexy rvas performed on jMarch 24, 1953. Postoperative condition 
is satisfactory. 

Case 21.—D. M., a wliite man, 21 years old, undcnvent operation on Marcli 26, 1953, at 
Samuel Merritt Hospital, Oalcland, Calif. The patient experienced fatigue and dyspnea 
on exertion. Ho is now a student. Preoperative catheterization revealed a left-to-right 
shunt. Atrio-septo-pexy was performed for a persistent ostium primum. Transient atrial 
flutter developed postoperatively. No postoperative catheterization has been performed 
as yet. Subjectively, the patient is doing well. 

SUAIJIARY 

1. Atrio-septo-pexj' is a relatively simple, straightfonvarcl, surgical 
plastic procedure capable of closing nearly all types of atrial sejital com¬ 
munications bj^ bridging the defect tvitli a portion of the invaginated right 
auricular ivall. 

2. No significant interference with the flow of vena eaval blood need be 
produced. The anriculoventricnlar valves need not be disturbed. Should it 
ever prove necessary to interrupt completely the superior vena caval flow, 
this can be tolerated if the azygos vein system is preserved intact. 

3. Associated lesions such as coexisting mitral stenosis or anomalous en¬ 
trance of the right pulmonary veins into the right atrium and/or superior 
vena cava can and should be readily corrected at the time of closure of the de¬ 
fect. 

4. Coexisting total transposition of all pulmonary venous return prob¬ 
ably requires a two-stage surgical procedure for its correction. 

5. Very low defects such as persistent ostium primum may require the 
addition of anterior-posterior approximating atrial mattress sutures, after 
the method of Murray. 

6. Great defects such as single atrium may be improved or corrected by 
a modification of Murray’s technique. 

7. To date the results obtained in correcting defects of the septum se¬ 
cundum have been reasonably satisfactory. There was operative mortality in 
fourteen eases of 14.3 per cent, complete anatomic correlation proved in four of 
six cases studied by catheterization (66.3 per cent), and clinical impi'ove- 
ment notable in all of the survivor's (100 per cent). 

8. In seven cases of persistent ostium primum complete closure of the defect 
was accomplished in four instances. Deaths occurred in three of the seven pa¬ 
tients (43 per cent) apparently as a result of unrelated factors: hj'potherniic 
depression of the myocardium, renal shutdown, very poor condition. The 
surgical measure, itself, should not entail a great mortality. 

ADDENDUJr 

Since the time of submission of this paper, wo have operated two additional ostium 
primums with one death. We have done five additional septum secundums with no fa¬ 
talities. 
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Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The 34tli annual meeting of the American Association for Thoracic Surgery Tvill ho 
hold May 3, 4, and 5, 1954, in Montreal, Que., Canada. Headquarters will be at the 
Sheraton-Mount Eoyal Hotel. 

Requests for Hotel Reservations 

These should bo mailed directly to the Eeservation Manager, Sheraton-Mount Eoyal 
Hotel, Montreal, Quo., Canada. Please mention this Association, type of accommodation 
desired, date, and approximate hour of arrival. If accommodations are desired elsewhere, 
please communicate directly with hotel of j'our choice. 

Thoracic Surgical Forum 

After due consideration, the Council has decided to try an experiment by assigning 
one morning session to a “Thoracic Surgical Forum” for the presentation of short papers 
on current thoracic research, anatomj', modilied surgical techniques, etc. Papers at this 
session will bo limited sharply to ton minutes (including the showing of lantern slides or 
other illustrative material) with three minutes ns the maximum discussion of each paper. 

These papers will bo published together in one issue of The Jouenal of Thoracic 
Surgery. Maximum length: 3,000 words without illustrations. If illustrated, an appropriate 
number of words must bo subtracted for each cut used. 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1954 meeting, including papers 
before the Forum, must bo received on or before January 1, 1954, otherwise they will 
not bo considered by the Program Committee. 

Abstracts should bo labeled “For Forum” or ‘‘For Eogular Program.” 

Five, repeat five, copies of each abstract should be sent to the Secretary of the Asso¬ 
ciation, Dr. Paul C. Samson, 2938 McClure St., Oakland 9, Calif. They should not be sent 
to the Editor. 

The abstracts should contain from 200 to 250 words and accurately reflect the con¬ 
tents of the completed paper. 

Applications for Membership 

Applications for Associate Membership in the Association must bo received by the 
Membership Committee not later than Jan. 1, 1954, to be considered for action in Montreal. 
Applications received bej'ond this deadline will bo deferred for consideration until 1955. 

Applicants must bo sponsored by three Active or Senior Members of the Association. 

In addition to the sponsoring statement on the application form, the sponsors must submit 
a separate letter concerning the applicant direct to Dr. Lyman H. Brewer, HI, Chairman 
of the Membership Committee, 2010 Wilshire Blvd., Los Angelos, Calif. Completed 
application forms should likewise be sent to Dr. Brewer. Those regulations are at the 
direction of the Council and wore made effective in 1952 at Dallas. 
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ISOTOPE 

Radioactive colloidal Au'*® was used. Colloidal Au'"^ may not necessarily 
be the ideal isotope for clinical application of this method, hut it was chosen 
liecaiise of its availability and sliort half-life which make it a convenient and 
desirable laboratory isotope. Aid®* lias a half-life of 2.7 days. It emits beta 
rays with inaximuni energy of 0.97 hlEY and gamma rays with energy of 0.411 
xIlEY.'^ Ffty per cent of the beta partielcs penetrate only 0.38 mm. and these 
particles are the primary source of the radiation effect. The gamma rays pene¬ 
trate deeply and are useful for external counting. The isotope, obtained from 
Abbott Research Laboratory of Oak Ridge, Tenn., is a colloidal solution of 
particle sizes stated to range from .003 to .004 micron. 



Fig. 1.-—Schematic diagram of tiie iung and regional lyniDii nodes of dog indicating areas of 

ussay. 


^lETHOD 

Apparently healthy mongrel dogs were used. Tlie dogs were anesthetized 
with intravenous Nembutal, 30 mg. per kilogram of body weight. Two methods 
were tried. 

1. InstillaHon .—Through a bronchoscope, a ureteral catheter wa.s placed 
in a segmental bronchus. The bronclioseope was then removed, the head of the 
dog was elevated twelve inches, and the colloidal Au'“* was injected into the 
catheter. The catheter was removed. The dog was kept in tlie same position 
for several hours to avoid reflux of the solution. 

2. Injection. — Through a bronchoscope, a long needle (t.vpe used for in¬ 
jecting esophageal varices) was placed into the snbmueosa of the intermediate 
bronchus. Colloidal Au’"® was injected through the needle. Tlie site of injection 
was then re-examined to detect jiroper delivery. 
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DOSE 

Amounts ranging from 2 to 5 me. of colloidal An in 5 c.c. of normal 
saline solution were used in the instillation method. In the five dogs that were 
observed for long-term effects, two dogs received 3 me. each, one dog 15 me., one 
25 me., and one 35 me., all in 5 c.c. volume. In the injection method, 2 me. 
in 2 c.c. volume was used. 


AUTOPSY AND ASSAY 

The dogs were saerified at intervals ranging from five to sixty-one days 
after administration of the isotope. Specimens taken from various organs 
including lymph nodes (Fig. 1) were measured for radioactive uptake and 
examined for histologic changes. 

The tissues that were studied for uptakes were weighed, digested in nitric 
acid and diluted to 10 c.c. volume. The activity in this wet sample was measured 
with an end-window Geiger-Miiller tube. All figures are recorded as the 
counts per minute per gram of fresh tissue, corrected for decay from the time 
of animal injections. 

RESULTS OF ASS.AY 


1. InstiUaiion Ilet/iod.—Tables I and II. Twenty dogs were used in this 
experiment. The results of the assay for radioactivity showed an extremely high 
concentration in the segment of lung into which the solution had been instilled. 
High levels were also found in some of the hilar lymph nodes. The longer 
the survival time, the greater was the number of Ijunph nodes that were found 
to have radioactivity. The uptake in other organs and particularly the spleen 
and liver was very low, indicating that little activity entered the blood stream.® 
Five dogs were kept for long-term studies and were allowed to suiuuve up to 
sixty-one days. These dogs were not assayed but were examined for histologic 
changes. 

3. Injection Method .—Table III. Eight dogs were subjected to direct in¬ 
jection of the isotope into the submucosa of the right intermediate bronchus. In 
these the radioactive concentration in all the hilar Imnph nodes was consistently 
high. The uptake in the lung was minimal. In the one exception (Dog 116) 
there was undoubtedly some leakage at the time of injection. The levels in the 
liver, spleen, and other organs were extremely low. The site of injection showed 
a high level of activity but had a lower concentration than that found in the 
regional l\miph nodes. 


PATHOI.OGY 


The lungs of seven dogs receiving 3 to 5 me. of colloidal Au’“® were examined 
twelve days after instillation of the i.sotope. The lower lobe segments of the 
right lung corresponding to the bronchus into which colloidal An’'’® was placed, 
were all hon^'^•, red, and noncrepitant. The remainder of the lungs showed no 
significant cliangc.s, cither grossly or microscopically. The involved segments 
wore the site of edema, congc.stion. and atelectasis. The alveolar septa were 
tliickcned and the lining cells wore .swollen,- a few cells contained black pi-ment 
There was extensive exudate in the alveolar .sacs, composed largely of hmipho- 
cytes and monocytes, A single lung (Dog 95) showed fresh necrosis Alanv of 
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isoTorn 

Eadioactive colloidal Au''" was used. Colloidal Au'"^ may not necessarily 
be the ideal isotope for clinical api>licatiou of this method, hnt it was ehoscii 
because of its availability and short half-life which make it a convenient and 
desirable laboratory isoto]w. Au*'"' has a half-life of 2.7 days. It emits beta 
rays with ma.ximum energy of 0..')7 i\IEV and gamma i-ays with energy of 0.411 
MEY.^ Ffty per cent of the beta particles ]ienetrate only 0.3S min. and lhe.se 
particles are the primary source of the radiation effect. The gamma rays jiene- 
trate deeply and are useful for external counting. The isotojic, obtained from 
Abbott Eescarch Laboratory of Oak Ridge. Tenu.. is a colloidal solution ol 
particle sizes stated to range from .003 to .004 micron. 



Fig. 1.—Schematic (iiaprani of tlic lung aiul regional l.vinpli nodes of dog indicating ana. 

asjtay. 

JIKTIIOI) 

Apparently healthy mongrel dogs were used. The dogs were anesthetized 
with intravenous Nembutal, 30 mg. per kilogram of body weight. Two met iocs 
were tried. ^ , 

1. Instillation .—Through a bronchoscope, a ureteral cathetei was 0 

in a segmental bronchus. The bronchoscope was then removed, the heac o >c 
dog was elevated tw’olve indies, and the colloidal Au'"® wms in.ieclc ni o 
catheter. The catheter w’as removed. The dog was kept in the s.unc jiosj 
for several hours to avoid reflux of the solution. 

2. Injection .—Through a bronchoscope, a long needle (t.tpe u.se 

jeeting esophageal varices) w'as placed into J 

bronchus. Colloidal An’"® was in.iected through the needle, i 

was then re-examined to detect jiroper delivery. 


223 


BRYANT ET AL.; LOCALIZATION OF RADIOACTIVITY IN LUNG 


DOSE 

Amounts ranging from 2 to 5 me. of colloidal Aii“= in o c.c. of normal 
saline solution uere used in the instiUation method. In the five dogs that uere 
ohserved for long-term effects, two dogs received 3 me. each, one dog lo me., one 
25 me., and one 35 me., all in 5 c.c. volume. In the injection method. 2 me. 
in 2 c.c. volvmie was used. 


AUTOPSY AND .ASSAY 

The dogs were sacrified at intervals ranging from five to siv^'-one days 
after administration of the isotope. Specimens taken from various organs 
includine liTuph nodes (Fig. 1) were measured for radioactive uptake and 
examined for histologic changes. 

The tissues that were studied for uptakes were weighed, digested in nitric 
acid and diluted to 10 c.c. volimie. The actii-ity in tliis wet sample was measured 
with an end-window Geiger-iliiller tube. All figures are recorded as the 
counts per minute per gram of fresh tissue, coraected for decay from the time 
of animal injections. 

PaSCLTS OF AS-S.AY 


J. InstiUafion Method .—Tables I and II. Twenty dogs were used in tliis 
expeiiment. The i-esults of the assay for radioactivity showed an extremely high 
concentration in the segment of lung into which the solution had been instilled. 
High levels were also found in some of the hilar liunph nodes. The longer 
the suiwii'a! time, the greater was the number of lymph nodes that were found 
to hai'e radioactirity. The uptake in other organs and pairieularly the spleen 
and liver was veiy low. indicating that little activity entered the blood stream.® 
Five dogs were kept for long-term studies and were allowed to suiwive up to 
sixty-one days. The.ce dogs were not a.«sayed but were examined for histologic 
changes. 

2. Injection Method .—Table HI. Eight dogs were subjected to direct in¬ 
jection of the isotope into the suljmucosa of the right intermediate bronchus. In 
those the radioactive concentration in all the hilar lymph nodes was consistently 
hieh. The uptake in the lung was minimal. In the one exception (Dog 116) 
there AA'as undoubtedly some leakage at the time of injection. The levels in the 
liver, spleen, and other organs were extremely low. The site of injection showed 
a high IcA'cl of activity but had a lower concentration than that found in the 
reaional hinph nodes. 


P.ATHOI.OGY 


Tlic lungs of seven dogs rcceiriiiir 3 to 5 me. of colloidal Au’^- Avere examined 
twelve days after instillation of the hotope. The lower lobe semuents of the 
riirht lum: correspondinu to the bronchus into which colloidal Au’'*- was placed 
were all hea\y. red. and nonerepitant. The remainder of the lunes showed no 
Mcnificant chaimcs. either grossly or microscopically. The invoked semnents 
were the site of edema, congestion, and atelectasis. The alveolar septa were 
dneUened and the lining cells were swollen; a few cells contained black pigment 
There w.as cxtens,ve e.xudate in the alveolar sacs, composed largelv of hmipho- 
cytes and monocytes. A .single lung (Dog 95. .si,owed fresh necraris Manv of 
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Table III. Radioassay of Eioiit Dogs Following Injection of Eadiooold into Mucosa of Bbonciius 
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the bronchi contained loose granulation tissue and cellular debris. The epithelial 
cells of the larger bronchi appeared swollen while the cells of the more terminal 
bronchi were pyknotic with darklj’ staining nuclei and often veiy dense 
“fibrinoid” membranes. All sections showed heavy peribronchial cellular 
infiltrate. No significant vascular changes could be detected. 

Two dogs were examined fourteen days after instillation; one of these 
(Dog 86) showed fresh necrosis of the lung. Of two dogs sacrificed after twenty 
days, one had marked segmental necrosis of the lung. In addition to the 
necrosis, all animals had pulmonary changes similar to the twelve-day group. 

One dog (Dog 89) was examined sixty-one days after the instillation of 35 
me. of colloidal Au^“®. The posterior basal segment of the right lower lobe was 
firm, gray-wliite, and noncrepitant. The viseral pleura in this area was gray, 
opaque, and greatly thickened (Fig. 2). Multiple sections were examined from 
this area (Fig. 3), the surrounding lung, the left lung, and the regional Ijnnph 
nodes. There Avas extensive necrosis of the grossly abnormal area Avith only cell 
shadoAvs remaining and A\dth practically no leukocytic reaction. This area con¬ 
tained numerous pigmented macrophages. In other areas there Avas fibroblastic 
proliferation and scarring, or organization of the necrotic tissue. Many 
of the fibroblasts Avere large and of irregular shape. There Avas marked prolifera¬ 
tion of neAV capillaries Avith large endothelial cells throughout the areas of 
organization. The adjacent lung shoAved fibrous thickening of the Avails of the 
air sacs and the various changes described in the previous series of Ioav activity 
animals. 

The larger bronclii to the invoh'ed segment shoAved no significant change; 
hoAvever, the more terminal bronchi all siioAved destruction of the epithelium 
Avith organizing granulation tissue in the lumen. There was some regeneration 
of the epithelial cells Avitli numerous large atypical forms and poor cellular 
organization. The blood A'essels shoAAmd marked changes in the nature of 
proliferative and obliterative endarteritis and endophlebitis, Avith organizing 
thrombi. Branches of all sizes Avere inAmlved. The pleura Avas greatly thickened 
by Avell-organized, young fibrous tissue. The lymph nodes varied from 0.4 to 
1 cm. Microscopieallj^ they were of normal cellularity Avith germinal follicles 
AAdthin normal limits. The only detectable changes AA-ere: a slight increase in 
the number of plasma cells, moderate scarring, and focal conglomerations of 
reticulum cells. These changes Avere considered to be of a nonspecific nature. 
The liver Avas entirely AAnthin normal limits. 

Dog 90, recemng 15 me. colloidal Au'”®, and Dog 91 (Fig. 4), receiving 
25 me., Avere both examined after sLxty-one days. The gross and microscopic 
findings in these tAA'o dogs Avere similar in all respects to the previously described, 
high dosage animal. 

DISCUSSION 

SeA^eral reports on the use of isotopes in effecting localization of radiation 
in the lungs have been presented in recent years. 

Zn®® and colloidal Au^”® have been introduced through a heart catheter 
directly into the pulmonary artery or its branches and localization of radio- 
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activity in the segment of lung supplied by the vessel has been reported.' 
Colloidal Au^^® has been placed in the trachea of dogs lying on one side. This 
resulted in high levels of actmty in the lung on the dependent side and eventual 
concentration in the mediastinum.® Colloidal Au^®® has been placed in the 
pleural cavitj' nith resultant high levels of activity on the pleural surfaces of 
the lung and minimal activity in other organs.® 

In these experiments ne produced maximum localization of activitj in the 
lung by the instillation method. A skilled bronchoscopist should be capable of 
localizing the segment of lung to n'hich the isotope is delivered. In the event of 
a bronchus obstructed with carcinoma, it is conceivable that the instillation of an 
isotope may produce sufficient radiation to shrink the tumor and open the 
bronchus. The injection method produced extreme localization in the hilar 
Ijunph nodes. It is of great interest that the levels in the nodes were even 
higher than at the site of injection. A combination of the two methods may be 
the means of delivering sufficient radiation to afford a degree of palliation to the 
patient with far-advanced carcinoma of the Imig. 

It is important to remember that these were healthy dogs without carcinoma. 
In the event that the hunphaties are “plugged” with metastatic emboli, it is 
quite possible that the localization in the lymph nodes would not be as con¬ 
centrated, or may not have resulted at all. The only way we know to prove this 
would be by clinical application and trial. 

StrMM.\RY AXD CONCLUSIONS 

1. A colloidal solution of Au’®® was instilled through a catheter into a 
selected segment of a luug in twenty dogs. 

2. Assay of these dogs, sacrificed at various time intervals, revealed localiza¬ 
tion of activity within the selected segment of lung and regional Ijunph nodes. 
Histologic studies showed radionecrosis produced in proportion to the amount 
of isotope instilled in the segment of lung. Only minor changes were seen in 
the lymph nodes. 

3. A colloidal solution of A\P®® was injected into the mucosa of the inter¬ 
mediate bronchus of eight dogs. Assay revealed extremely high levels of con¬ 
centration of radioactivity in the regional hmiph nodes, a lower level at the site 
of injection, and negligible activity elsewhere. 

4. These results suggest the possibility of a clinical trial in patients with 
inoperable bronehiogenic carcinoma. Palliation might be afforded these patient.s 
by using a combination of those methods. 
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DISCUSSION 

DR. J, KARL POPPE, Portland.—^Dr. Bryant’s report of the intrabronchial injection 
of radioactive colloidal gold has been of particular interest to me since I used the same 
method of administration of radioactive material iatrabronchially in dogs from 1945 through 
194/. The principal difference ivas that I used insoluble radioactive ferric phosphate as a 
colloidal solution or suspension and was unable to obtain as high a concentration of radio¬ 
activity per unit of solution as reported ■with colloidal gold. Thirty-six dogs were treated 
uith insoluble radioactive ferric phosphate, of which twenty were injected iatrabronchially in 
the manner described by Dr. Bryant. 

Tile early results were extremel}’ interesting in that the concentration of radioactivity 
found in the peribronchial and mediastinal Ij-mph nodes proved to represent about thirty-five 
times that remaining at the site of injection in the riglit lower lobe. In that group about 
15 c.c. of a dilute suspension of ferric phosphate contained a total dosage of .5 me. of 
radioactivity for each dog. In an effort to increase the total dosage to obtain more than 
a token amount of irradiation and produce actual tissue destruction a much more concentrated 
suspension with 50 per cent sediment was used in amounts of 15 to 20 c.c. or about 3 me. 
for each dog weighing 5 to 10 kilograms. Eighty per cent of these dogs receiving the more 
concentrated dosage died, either of asphyxiation before they recovered from the anesthesia 
or of pneumonia within one or two days. 

The accompanj-ing slides demonstrate the marked reaction in the peribronchial and 
pulmonary tissue with edema and cellular infiltration and finally fibrosis. The same reaction 
is noted in the lymph nodes with edema and loss of follicle formation, but not complete 
destruction of the lymphocj'tes. The ferric phosphate particles are especially conspicuous 
in the tissues prepared with iron stains. 

My own experiences with the intrabronchial route for injection of suspensions of 
insoluble radioactive ferric phosphate were somewhat disappointing as a potential means of 
irradiating bronchiogenic carcinomas, either in the lungs or mediastinal Ijnnph nodes. It was 
impossible to apply sufiBoient quantities of irradiation even to the normal unobstructed bronchus 
and lung to produce tissue destruction without destroying the animal through suffocation or 
pneumonia. Perhaps the higher concentration or irradiation per cubic centimeter of injected 
material obtained by the use of colloidal gold will permit further exploitation of tliis approach. 

DR. JOHN S. HARTER, Louisville.—I think the important idea included in this paper 
was the fact that the large dosage could be concentrated in the mediastinal lymph nodes 
by submucosal injection. I doubt very much if the localized injection of the lung itself would 
be of much value. What will happen in patients with bronchiogenic carcinoma no one can 
say until ■we try the method out, but it certainly is worth a trial. 

I remember some years ago when I was in CIxurchill’s laboratory, we became interested 
in attempting to study the lymphatics by Thorotrast. The first animal injected revealed a 
beautiful pattern of the lymph vessels and nodes of the injected limb as shown by a roent- 
geogram of the limb. However, the lymph nodes and vessels could not be regularly fdled 
with Thorotrast and the work was discontinued. We thought for a while that we had a method 
of injecting a radioactive material, thorium, into the lymph nodes some twenty years before 
the present-day radioactive isotopes became available. 

The method presented by Dr. Bryant worked consistently in the normal animal. I think 
tliat is the important point of the paper that he presented. 



THE ABHjITY of THE PULMONARY YASCULAE SYSTEil TO 
INPLXJENCE THE SPREAD OP THMOR E:MB0LI 

Ed\vix a. Laavrexce, M.D.. Doxald B. Moore, ]M.D. (by ixyitatiox), axd 
George I. Berxsteix, M.D. (by eyvitatiox) 

Ixdiaxapolis, Ixd. 


T he interposition of the pulmonary vascular bed beUveen the Ij-mphatic and 
venous streams on the one hand and the systemic arterial circMation on the 
other almost certainly inhibits the movement of a certain proportion of migrat¬ 
ing neoplastic cells from their points of origin to distant regions of the body. 
But whether this vascular system exerts a significant obstructive force to metas¬ 
tasizing cancer, for example, as do the sinuses in a Ijunph node, or whetlier 
it captures migrating cells only incidentally is not clear. 

The ordinary type of extensive, diffuse, metastatic tumor in the lungs is 
observed frequently, iloreover, the extreme varieties of metastases are not un¬ 
common •. the isolated, solitary deposit that lends itself to sui’gical removal witli 
long-term survival of the patient, and the type which presents that curious situa¬ 
tion where although significant pulmonary disease would be expected to be 
present, yet at autopsy the metastasizing process seems to have skipped the 
lungs in favor of other, oi'gans. 

It is this latter phenomenon, the apparent ability of a tumor to circumvent 
the lungs, that has excited the curiosity of clinicians and pathologists for many 
year's. Harris' has traced the theories of paradoxical emboli to two cases re¬ 
ported by Litten (ISSO) and Coluiheim (1889) in which a patent foramen ovale 
was present. He calls these theories absurd, yet credits Cohnheim with stating 
that, “The locality to which the detached thrombi are transported is determined 
by anatomical conditions alone.” In 1937, lValther= suggested that the lack of 
lesions in the lungs could be explained by a differential filtering capacity of 
the pulmonary vascular system. Later^ he reported histologic studies of lungs 
from patients where distant spread of malignant tumor had occurred -with' 
little, if any, clinical or radiologic evidence of pulmonary metastases. Yet lie 
found microscopic foci of tumor cells in a number of the lungs, and he proposed 
that these foci served as sources of tumor emboli for other parts of the body 
without undergoing appreciable growtli themselves. It was not explained, 
however, how a dormant tumor could produce emboli. 

Although the Harris rcriew pointed out that the essential structure of the 
vertebral venous sy.stem was recognized by anatomists many years ago, it was 
Ba^,‘ in 1940, who emphasized its character and elaborated'upon its possible 
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clinical importance in the spread of malignant tumoi-s. Subsequent to his re¬ 
ports it -was observed by us and others that tumor could be directed into the 
vertebral column of experimental animals through the vertebral venous system 
without first passing through the limgs.“’ ® 

This explanation for the paradoxical situations did not seem entirely satis¬ 
factory, and attention again was directed to tlie naturally occurring variabilities 
in the pulmonaiy arteriovenous communications because of the work of Prinz¬ 
metal and his associates' whose experimental studies on rabbits, dogs, and cats 
with glass spheres of various diameters indicated that normal shunts existed 
and that they were 160 to 290 microns in diameter in the rabbit lung. Tobin 
and Zariquiej’® performed a similar study on human lungs by perfusing glass 
spheres of various sizes through the pulmonary artery with saline solution and 
collecting the perfusate from the pulmonaiy vein. Spheres up to 500 microns 
in diameter wei’e recovered from 11 of tlie 23 specimens examined. Tliej' 
demonstrated the anatomic location of the shunts by radiographs of lungs in¬ 
jected with radiopaque media, by dissections of latex injected lungs, and by 
studj^ of easts of lungs. Shunts were not present in tlie hilar region or liilar 
blood vessels. The ones of 500 micron size were at the apex of the lobular 
subdivisions of the bronchopulmonary segments. Shunts in the range of 50 
to 100 microns were at the level of tlie smaller bronchi and the smallest, 20 to 
25 microns, near the alveolar sacs. Shunts up to 200 microns in diameter also 
occurred in the pleura. 

These investigations, liowever, have not considered other factors that may 
be important such as the variabilities that can occur in the constituents of the 
blood that is bearing the tumor emboli, nor have the.v considered the contrac¬ 
tility of pulraonai'}^ arterioles, another natural feature that may affect the 
movement of emboli through the lungs. 

Earl}' in our work with the transplantable Vo rabbit carcinoma, we ob¬ 
served that suspensions of the tumor injected intravenously caused immediate 
death of 70 per cent of the animals from pulmonary thromboses and that the 
rabbits could be protected from this catastrophe by various antithromboplastie 
agents such as heparin, Dieumarol, and a soybean trypsin inhibitor.® A natural 
development of these observations was a study of the effect of one of these agents, 
heparin, upon the distribution of intravenously administered V 2 tumor suspen¬ 
sions and upon the growth of this neoplasm. 

Experimental Procedures .—Adult domestic white rabbits were employed. 
One to ten suspensions of the V 2 tumor in phj'siologic saline solution were pre¬ 
pared, and all injections were made into a marginal ear vein with a No. 23 
gauge needle. The amount injected varied between 0.8 e.c. and 1.0 c.c. per 
kilogram of body weight. Animals were inspected daily. The}' were sacrificed 
if death seemed imminent, but eveiy attempt was made to save them for at 
least eight weeks after injection, although many died spontaneously before this 
interval was reached. Complete autopsies with the exception of the head and 
neck were performed on all animals. 
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Two types of tumor suspension were employed. Minced suspension nas 
prepared by macerating the donor tumor ndtb scissors and agitating it gently 
with ten volimies of physiologic saline solution and glass beads in an Erlen- 
meyer flask for twenty minutes. Comminuted suspension was prepared by 
placing tumor fragments with the requisite amount of saline solution in the 
Waring Blendor for thirty seconds. Animals injected with these two types of 
suspensions were considered the control groups. A few of them had serious 
reactions to the thromboplastic character of the tumor, but lived, ivhile others 
had no reaction. 

The experimental animals were given 500 U.S.P. units (approximately 5 
mg.) of heparin sodium per kilogram of body weight five minutes prior to 
the injection of the comminuted tumor suspension and twice daily thereafter 
until death. They were weighed every two weeks and the dose of heparin ad¬ 
justed accordingly. 

All rabbits were housed in air-conditioned quarters at a constant tempera¬ 
ture of 70° F. and a relative humidity of 40 and fed a standard diet of Purina 
Rabbit Chow Checkers. 


Table I 


! 

MIXCED TUMOR 

1 

COMMINUTED TUMOR 

I comminuted tumor, 

1 heparinized animals 

No. of animals 

17 

20 

31 


Region involved 


Thorax 

Lungs 17 (100%) 

Diaphragm 

Che.st wall 

Heart 1 ( 6%) 

Visocral pleura 
Abdomen 

Liver 4 ( 24%) 

Kidney 

Omentum & me.'-entery 
Spleen 

Subcutaneous tissue 
Skeletal muscle 
Paraplegia 
Quadriplogia 


20 (100%) 28 (90%) 

1 ( 0%) 6 (19%) 

1 ( 5%) 3 (10%) 

3 (10%) 
2 

S ( 40%) 17 (55%) 

2 ( 10%) 10 (32%) 

1 ( 1 %) 2 ( G%) 

2 

4 (13%) 

3 ( 15%) 6 (19%) 


RrauJix .—Table I shows the striking difference in the di.slribution of tumors 
(oui\d post mortem in the three groups. Only two organs other than the lungs 
wore involved by tumor when the minced svispension was employed. The one 
case of heart involvement appeared to be a mural tumor thrombus in the right 
vontrielc that invaded the myocardium secondarily. The involvement of the 
lungs was of a massive character in all animals, and in some instances it was .so 
great that only a minimum of normal pulmonary tissue could be found at 
autopsy (Fig. 1). The liver involvemont was much le.ss extensive. One animal 
had only one liver nodule, for example, and another only two. 

The mean length of life of the three animals that died spontancouslv was 
thnly-nine days, and of the fourteen that wore saerificed it was sixtv davs 

( onumnutum of tissue in the M'aring Blendor is a de.struetiv‘e pr'occss in 
the sense that the mtegrUy of the tiKsue mass i.s rjuicklv destrox'ed The V 
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tumor can tolerate this vigorous treatment for at least three minutes, however, 
and still grow when transplanted. The procedure produces fragments of a 
smaller size and a greater proportion of single cells than can be obtained bj’ 
mincing and agitating. Thus, the wider distribution of tumor deposits might 
have been anticipated when eonuninuted tumor i-ather than when minced tumor 
was used. The single cases of chest-wall and diaphragm involvement probably 
represented secondary invasion from the liuig. One of the livers had e-vtensive 
involvement with many nodules. Another had only a single nodule, 6 by 4.5 by 
5 cm. in size, but the lungs from that animal were extensively involved. A third 
had only two nodules, but one was 4 by 4 cm. There was only a single nodule 
present in one of the two Iddneys, whereas multiple nodules were present in 
the other. The skeletal muscle deposits were all in the abdominal wall. 



Fig. 1—Characteristic massi\e pulmonary invoUement m control groups 


The mean length of life of the nine animals that died spontaneousl.v was 
fortj^-six daj-s, and of the eleven that were sacrificed it was sixty-five daj^s. 

The first outstanding feature of the distribution in the heparinized group 
was that three animals had no tumor in the lungs but did have tumor else¬ 
where, two in the liver, and a third in the liver and kidneJ^ This was an ob¬ 
servation of the gross tissue onlj^ since the lungs were not subjected to serial 
sections. Two other animals had nothing but a single deposit in the substance 
of pulmonary tissue and a few tiny deposits in the visceral pleura (Fig. 2). 

Whereas the pulmonarj' involvement in the two control groups was chaiac- 
terized as massive, there were many heparinized animals that had only from 
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two to five nodules, some of ■whieli were only 2 to 4 mm. in diameter. The 
diaphragm and chest wall tumors were all from implantation and not secondary 
invasion from the lung. The three cases of heart involvement seemed to he 
from direct implantation in muscle rather than development from a mural 
thrombus as occurred in the first control group. The liver and kidney disease 
was characterized by the presence of multiple nodules. Their size ranged in 
general from 1 to 2.5 cm., although many wmre smaller and some were larger. 
One of the two spleens involved contained onlj' a single tumor, whereas the 
other contained several. The skeletal muscle implants were distributed in the 
muscles of the trunk and not of the extremities. Three of the animals had so 
many implants that the process could be described only as diffuse carcinomatosis. 
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Table II 


AXIilAL GROUPS 

1 GltOWTlI 

( so GROWTH j 


■ 

Controls 

37 (SO.4%) 

9 


■ 

Heparinized 

31 (7fl.o%) 

s 

■HhI 

■ 

Totals 

OS 

17 

85 



II). 


Heparin iiacl no effect on the rate of takes of the tumor transplants (Table 


DISCUS.SION 

Under ordinary circumstances most of the cellular material in the com¬ 
minuted tumor susj^ensions should jiass readily thi'ough the pulmonary vascular 
system if the size of the arteriovenous communications reported by Prinzmetal 
and his associates is coi'reet. iilany phase microscopy measurements were made 
of the particles in the comminuted suspensions, and a few cell masses as large 
as 440 microns in diameter were found. However, 90 per cent of them were 
less than 240 microns and GO per cent were between 40 and 90 microns in 
diameter. As would have been expected, there were many individual cells. 
They varied from 8 to 20 microns in diameter, the difference in size being ex¬ 
plained by differences in the amount of cytoplasm. In view of the theory of 
Fisher and Holloman’® that a colony of six cells is a critical-sized colony for 
successful growth, ive do not believe a single cell of this tumor will establish 
itself and grow. 

The venous system of the rabbit is an extremely labile and adaptable struc¬ 
ture. If the inferior vena cava, for example, is ligated and divided, collateral 
venules will have developed between the divided ends of this vessel Avithin 
twentj'-four hours. Furthermore, the venous system of the neck is a veritable 
maze of anastomosing channels not only between x'essels of the same system, 
but also between the superficial and deep cervical elements. It might he assumed, 
then, that the injected material could by-pass the lungs through these collaterals 
and go directly to other organs. 

This system in the neck was studied extensively in another experiment by 
one of our associates (Crockett) with liquid latex injections and dissection, 
and with Aunylite plastic injection and hydrochloric acid digestion Avith study 
of easts thus obtained. If both jugular veins were divided and as much as 
20 c.e. of material were injected into an ear vein with considerable pressure, 
the latex or vinylite appeared in the vertebral veins as low as the lumbar region. 
However, when the jugular veins were free and competent, the injected mate¬ 
rial always proceeded directly to the heart. The quick movement of injected 
material from a marginal ear vein to the right heart and lungs under noima 
circumstances Avas verified radiographically in a series of living animals (r ig. 1- 
An amount of Thorotrast commensurate Avith the volume of tumor suspension 
customarily injected was used, and it proceeded directly to the heart ni eveij 
instance Avithout going to other organs or leaving the innominate . 

For these reasons Ave believe that the cell suspensions hkcAvise 
directly to the right heart Avithout entering other organs first and tha 
contained cell masses of a size that could pass through the lungs. 
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The thromboplastic effect of this tumor M'as varialile. j\Iost animals died 
within tivo minutes after its injection. Others had severe reactions characterized 
by respiratory difficulty and con\'ulsions, but lived and a feiv had no ill effects 
whatsoever. Immediate autopsies on those that died shoived clots in the right 
heart and pulmonary artery. Some were so massive that they extended in 
continuity' from the auricle through the ventricle into both pulmonary arteries. 
All preparations of this tumor had a certain degree of thromboplastic activity.^^ 
We believe, therefore, that even though some animals survive the intravenous 
injections (as did those in the two control groups) they have a certain degree 
of immediate pulmonary intravascular coagulation; and that the clots may pre¬ 
vent cell masses from passing the pulmonary arteriovenous barrier to the left 
heart arterial circulation. 



ircpaninzation inhibits the blood-clotting mechanism. None of tlic animals 
bat was given the protective dose of 500 U.S.P. units per kilogram five minutes 
.0 01 c the intiaienous injection of the tumor succumbed to its thromboplastic 
propelty ^Lstimations of the clotting time of rabbits' blood arc so notoriouslv 
maccuratc ' we have attempted no analysis of it. From studies now in pro-res^ 
however, vc have learned that tin's amount of heparin influences the eloUiim 
mechanism for the subsequent two and one-half houi-s and will prolcct all al 
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inals for two liours against the lethal effect of the tumor suspensions. In all 
likelihood it is the initial dose of heparin alone that inhibits clotting in the 
pulmonary vessels and thus allows tumor emboli to pass through the pulmonary 
arteriovenous communications to the sj’stemic arterial circulation. The later 
injections of heparin are probably unimportant in this respect. 

Applications of these studies to the human beings are not yet clear. How¬ 
ever, if arteriovenous communications in the human lung as large as 500 microns 
do exist under otherwise normal conditions, emboli of sufficient size for growth 
could slip through the lung to the sj'stemic arterial system, particularly if the 
blood clotting were prolonged to a degi-ee that the embolus would not be en¬ 
compassed ■with an obstructive clot. 


CONCLUSIONS 

The passage of tumor emboli through the lungs of rabbits is determined 
by the size of the emboli, the size of the pulmonarv arteriovenous communica¬ 
tions, and the coagulabilitj" of the blood. 
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BRONCHIAL RESECTION ANHD ANASTOMOSIS 

Pa-ol 'W. Gebatter, il.D. 

HoXOLTJLti, T. H. 

T he receptiveness of the central tracheobronchial tree to proper surgical 
pi’ocedures is exceptional, and the integi'ity of lung tissue distal to bronchial 
lesions is frequently persistent. Consequently, direct surgical treatment of such 
lesions permits the salvage of good lung tissue in distinction to removal of all 
the lung supplied by a diseased bronchus. In all cases of isolated tracheobron¬ 
chial disease, and in many cases when such disease is combined with pulmonary 
parenchymal disease, some type of tracheobronchial procedure should be rou¬ 
tinely considered in the contemplation of surgical treatment. 

The meiat of this conception has been illustrated in previous publications 
eoneerning tracheobronchial dermal grafts’'^ and bronchial resections ® The 
purpose of this paper is to present a series of cases illustrating some of the as¬ 
pects of the technical application of bronchial resection to a variety of tracheo¬ 
bronchial lesions. The cases are summarized in tabular form (Table I). 


SLEE\-E RESECTION AND AN.VSTOMOSIS 


1. Lohar Bronchi .—Healed tuberculous strictures of right upper lobe 
bronchi nere excised and anastomosis pei-formed in Cases 3, 6, and 12. Seg¬ 
mental resections in Lvo patients and localized excision in one uere used to 
treat the coexisting parenchymal disease in distinction to lobectomies. This pro¬ 
cedure is very simply applied, and a most gratifying volume of lung tissue can 
be thereby salvaged. The use of everting mattress sutures in small bronchi is 
likely to produce an undesirable diminution of the anastomotic lumen; simple 
end-to-end closure with fine interrupted wire sutures is better. Irregular edges, 
mucosal tags, dried blood, and secretions tend to accumulate and coalesce along 
the line of anastomosis They should be cleaned off bronchoscopically in the 
early postoperative period to prevent the possibility of their organization and 
recurrent stenosis (Table I, Case 12). 

2. Main Bronchi .—^In Gases 1 and 8. the right bronchus from the middle 
lobe stump to the coryna uas excised for healed tuberculous stricture, and 
nna'-tomo'- s between the distal trachea and lower lobe bronchus performed. An 
intact, useful, lower lobe was salvaged in each instance. The necessity for re- 
mo\al of the middle and upper lobes undoubtedly facilitated the bri'dain"- of 
the bronchial caps Figs 1 and 2 illustrate Case 8. “ 
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Fis. 1 (Case S).—Preoperative and postoperati 
destroyed rigiit upper lobe \vitli cavity; permanent 
sliowingr severe stenosis of right bronchus at the cor; 
middle lobectomies, and excision of stenotic main bronchus. D, 
time, siiou’ing excellent anastomotic iumen of right bronchus. 


' ■before operation. 

PJanlgram 
right upper and 
Planigram taken at the same 
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In Cases 4 and 10 dermal grafts of tire main bronchi ^vere inserted at the 
time of rrpper lobectomv for the correction of mam bronclual stenosi 
patients experienced late recurrent tnbercnlous ti'acheobronclutis ivhieh le- 
sponded to further antimicrobial treatment. These are t le on i iio 
dermal graft failures in my experience, and in each instance it seemed t a e 
recurrent inflammation arose from residual infection in the upper ^ ® ® ump. 
Both patients uere treated by partial excision of tlie grafted mam bronchi and 
upper lobe stumps (Figs. 3 and 4); no further pulmonaiy excision ivas necessary. 



' 





Vic, ^ ol *5urcJca\ *«pccimoT» Broncbii"!. nnO upper lobes 

riKlit A ‘«Hc« of tlif' c iMtv LcarinR Upper lobe has bc^en turned upward. The excised bronchial 
no'*!'* iv .it the lower h ft. 


Ca'^e IG® luo'.cnls an instance of primary tulierculosis in a 2-ycar-old girl. 
Three soiiarale caseous lymph node masses iverc iirescnt; one of those had 
eroded and deslroNcd tlic liuht main bronchus. The right lung was salvaged 
by anastomosis of the upper-lower lohe hroiichial eiotch to the trachea. Symp¬ 
toms bad been present for one year, and intermittent obstructive emphysema 
of tiie lieht him: was noted for almost as long. For the present, bronchial 
anastomosis was sueccssful despite the luuiuostioucd piescnce of active tubercu¬ 
lous lymph mule and bnmebial inflammation. This is considered highly im- 
t'ortaut because, in tbe past, it has spemed reasonable to await bronchiai hcalin" 
b cioiv aituiipting surgical tieatincnt. and this may still bo advisable as far as 




•Tbi’* I iil» nt \N \s on i>\ l>r \V I* 

ri tt\u c \n I IrKhnl d in iliU v. 


rl» ^ wjih hln J ptnnfe‘-lon 


This 



I'llC JOUKNAL or tiiouacic surgery 






rig« 3 (Case 4) —Bionchoerams At Before operation, maiked dcformit> and puddling of 
contrast media in gi«iftod left bronchus Neu stenosis of light bronchus distal to upper lobe 
B, After excision of diseased portion of left bioiichus Line of anastomosis is baroh ^isible, it 
is just pioxiniaal to the superloi segment bronchus of the loucr lobe %\hich looks like an vipper 
lobe bionchiis However tlie upper lobe had been removed at the time of the original dermal 
graft of the main bronchial stono«!is 


Fig. 4 (Case 10) —A, Prcoperativc bronchogiain at time of recurrent 
bronchitis involving grafted light bionchus Some of the supporting vvme in the cto 

P?>XperTtlve pfanlgram aCtor excision of recuircnt stenosis of light bronchus. Good annsto 

motic lumen. 
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the use of clermal grafts is concerned. On the other hand, the period of healing 
is sometimes prolonged and the distal lobe or lung may become irreparably 
damaged by the bronchial obstniction during that time. Therefore, if broncliial 
excision and anastomosis is contemplated, sometimes it may be advisable to 
proceed uith it, despite the presence of only early, or partial, healing of the 
inflammatoiy process. Fig. o illustrates the patient in Dr. Cleland’s case. 
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Flff 3 (Case 4) —Bionchoginnis A, Bofoio operation, marked deformitj and puddling ot 
contrast media in giafted loft bionclius Ne« stenosis of light bronchus distal to upper lobe 
B, Aftei excision of diseased poition of left bionclius Line of anastomosis is bareh aislble, n 
IS just pioxiniaal to the supoiioi segment bronchus of the loner lobe nliich looks like an upper 
lobe bionclius Honecer, the uppei lobe had boon rcmo\ed at the time of the oilglnal deiinal 
giaft of the main bionchial stenoslo 



Fig 4 (Case 10)—A, Piooperatne bionchogram at time of rent tuberculous trac^ieo^ 

bronchitis invoUlng grafted light bionclius Some of the ®«PPortIng nlie in the g 
B, PostoperatKe planigram after excision of recuirent stenosis of right bronciius. 
m'otlc lumen 
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the use of dermal grafts is concerned. On the other hand, the period of healing 
is sometimes prolonged and the distal lohe or lung may become irreparably 
damaged by the biDncliial obstniction during that time. Therefore, if bronchial 
excision and anastomosis is contemplated, sometimes it may be advisable to 
proceed ivith it, despite the presence of only early, or paidial, healing of the 
inflammatory process. Fig. 5 illustrates the patient in Dr. Cleland's case. 




"-Min-an-! Ij-n-ph noC. I^^oUe-.cnt 
>!;r-r ^rS lnv.fr lei^n I i \ dff.‘roy.'a t!> 

iPc^luTr r.cmtf!. 0^11 -^ fhme mont 

t'. o.«an’. Eromp'on Che 
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3. Intennediatc Bronchus .—In Case IS.*" a most remarkable bronchial re¬ 
section and anastomosis rvas performed. The patient liad an adenoma in the 
distal left main broncbns, opposite the upper lobe orifice, ■\vliieh obstructed the 
lorver lobe bronclii and caused expiratoiy emphysema of the left lung. As 
depicted in Figs. 6 and 7, the stem bronchus was transected above tlie tumor, 
the upper lobe bronchus lateral to the tumor, the superior segment lower lohe 
bronchus posterior to tlie tumor, and tlie basal bronclii (as a unit) transected 
below the tumor. The distal upper lobe stump was then sutured to the anterior 
edge of the basal stump, and the superior segment to the posterior edge. Tims 
the three divided bronchi were converted to a single stump which ivas anasto¬ 
mosed to the proximal stump of the stem bronchus. This permitted a wide 
excision of an adenoma arising at the main crotch of the stem bronchus and sal¬ 
vage of the entire left lung. 



Fig 6 (Case 13).—Drawing of tracheal bifurcation and left hronchus depicting 
procedure', a. Upper lobe bronchus transected lust beyond its origin, b. Divisionary crown 
left bronchus containing a benign adenoma located by dotted outline, c, superior se„ 

ment of left lower lobe, d. Divided basal bronclii of left lower lobe. Inset at upper left show- 
how the peripheral bronchi were sutured together, and tlien. as a unit, sutured to the stump « 
the main bronchus. (Courtesy of Mr. C. J. Officer Brown, Melbourne, Australia.) 


•Dr G J- Officer Brown of Melbourne, Australia, performed the operation and he has 
kindly permitted its inclusion in this series. 
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WUDGn EXCISION 

The generous elasticity of tracheobronchial structures jicrmits a marked 
compensation for severe cicatricial deformities. The uninvolvcd bronchi neigh¬ 
boring a severe scar, which has resulted from the healing of a destructive process, 
elongate and dilate. Thus the right intermediate bronchus distal to a dense 
fibrous scar involving the proximal main and upper lobe bronchi. Will usually 
be almost as long and large as a whole right bronchus. This combination ol 
severe upper lobe stenosis and stenosis of the immediately adjacent main liron- 
chns is rather common and sometimes can be rather simply remedied because 
of the inherent quality of bronchial structures. 

Case 7 is an example. The right upper lobe was atelectatic and destroyed, 
its bronchus physiologically occluded by a dense scar wliich incorporated the 
orifice of the right main bronchus at the eoryna. At the time of upper lobectomy. 
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5. Intcnnechatc Bronchus. —In Case 15,'^ a most remarkaWe bronchial re¬ 
section and anastomosis was performed. The patient liad an adenoma in the 
distal left main bronehns, opposite the upper lobe orifice, ■wliieh obstructed the 
lower lobe bronclii and caused expiratory emphysema of the left hmg. As 
depicted in Figs. 6 and 7, the stem bronchus was transected above the tumor, 
the upper Jobe bj'onchns Jatei’aJ to the tivoor, the superior segment lower lobe 
bronchus posterior to the tumor, and the basal bronchi (as a unit) transected 
below the tumor. The distal upper lobe stump was then sutured to the anterior 
edge of the basal stump, and the superior segment to the posterior edge. Thus 
the three di\ided bronchi were converted to a single stump Avhich Avas anasto¬ 
mosed to the proximal stump of the stem bronchus. Tliis permitted a Avide 
excision of an adenoma arising at tlie main croteli of the stem bronchus and sal¬ 
vage of the entire left lung. 



Fig. G CCase 15).—Drawing of traclieal bifurcation and left bronclius clepictiug 
procedure, a. Upper lobe bronchus transected just beyond origin, h, Dni-io - ggg. 

left bronchus containing a benign adenoma located by dotted • Pnt mner ^eft shows 

ment of left lower lobe, d, Divided basal bronchi of left lower lobe. Inset at upper leic ion ^ 
how the peripheral bronchi were sutured together, and then, as a. unit. ^ 

the main bronchus. (Courtesy of Mr. C. J. Officer Brown. Melbourne, Australia.) 


•Dr. C. J. Officer Brown of Melbourne. Australia, performed the operation and he has 
kindly permitted Its mcfusi'on m this series. 
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the upper lohe bronchus and the adjacent stem bronchial scar ivere excised as 
a -wedge, or a slice of melon, and the lower edge rotated upward to meet the 
upper edge as illustrated in Figs. S and 9. It is advisable. ■s\hen attempting 



a. 


b. 


Fis 


B. 


C. 


neno... or e?V.SM 

iTsnsvcrse closure. 



THE JOURNAL OP THORACIC SURGERY 












c ~ _ 

pneumonias, ^nSht nPd postonenf.,.. „„„ ■ ^ 






252 


THE JOURNAL OF THORACIC SURGERY 


bronchial surgery, to place the hroiiehial structures under tension with fine 
forceps to appraise them, and to remember that there is a great difference in 
the bronchi of a collapsed lung in an opened chest, and of an expanded lung 
in an intact chest. 


TRANSVERSE CLOSURE OP BRONCHIAL DEFECT 

1. Simple .—This procedure is veiy similar to the preceding category, and 
is again possible because of the elastic adairtability of the bronchi. Eather 
large bronchial defects involving less than one-half the bronchial circunifei'ence 
can sometimes be closed transversely causing some bronchial curvature, but, also 
actuall}’ increasing the bronchial lumen. The patient in Case 11 had a bilob¬ 
ectomy ior chronic pneumonitis and multiple abscesses in the right upper lobe. 
A portion of the friable main bronchus was accidentally avulsed with the upper 
lobe lu'onelnis during attempted isolation of the latter. A large defect of the 
riglit lironchus was thus jirodueed wliich closed surprisingly well by simjile 
transverse suturing. The resulting lai'gc bronchial lumen is illustrated in 
Fig. 10. 

2. With the Aid. of Additional Bronchial Tissue .—Sometimes the closure of 
a bronchial defect is simplified if; a neighboring lung segment is sacrificed and 
its bronchial stumps used as a crude flap. Case 5, previously reported,' is an 
example. A hamartoma, and the bronchial wall at its base were excised from 
tlie right intermediate bronchus. Eather than resect tlie whole middle and lower 
lobes, the superior segment of the lower lobe was removed, and its bronchi used 
as a crude trap-door flap to assist in a transverse bronchial closure. 

COJIPLETE OR PARTIAL BRONCHIAL DIVISION TO FACILITATE DISSECTION 

This procedure is of jiartieular consequence in salvage of an intact middle 
lobe when its bronchus is more or less fused to the branch bronchi of a shrunlven, 
atelectatic and bronchiectatic lower lobe. If the bronchus is first divided below 
the upper lobe, the middle lobe bronchus (to be preserved) can be more easily 
and safely separated from the lower lobe basal bronchi. Bits of the latter may 
be left attached to the middle lobe bronchus if necessary. Anastomosis is then 
performed joining the middle lobe to the proximal right bronchial stump. 

In Case 13 the patient had a good, large, hypertrophic middle lobe practi¬ 
cally filling the hemithorax, the result of bronchiectatic atelectasis and shrink¬ 
age of the upper and lower lobes beginning in childhood, and persisting for at 
least fourteen years during the period of greatest body growth. Bronchograms 
revealed a normal left bronchial tree and right middle lobe, with advanced 
bronchiectasis of the upper and lower lobes (Pig. 11). The procedure described 
above was necessaiy to dissect the middle lobe bronchus which arose at the same 
level and was almost fused to the basal branches of the lower lobe. The value 
of this salvaged middle lobe is substantiated by its rather large pulmonary artery 
visible in Pig. 11, H. 

The patient in Case 9 had a similar operative procedure. This was an in¬ 
stance of lower lobe destruction by tuberculous stenosis and bronchiectasis. The 
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marked louver lobe stoinka-e ^vas abetted by pneumoperitoneum. Comproimse 
Tf tt middle lobe orifice rrorrld probably have occurred mtb the ordmary treat¬ 
ment of the lower lobe bronchial stumps. 


bronchial KESECTIOS AXD TEAX5PL.AXTATIOX 
I have onlv twice considered the clinical cu-cumstances_ likely to demand 
this procedui-e. and used it only once. In Case 14, the patient, a 
woman, experienced a recurrent, severe, nlcerocaseous tuberculosis of the ti-achea 
and right bronchus, with no roentgenologically visible disease m either lung. 




Fj^. 12 (Case 14)-~Line diasrams of tracheal bifurcation depicting operative procedure 
used for combined, severe tracheal and ri^ht bronchial stenosis. Chest roentgenograms showed 
no abnonnaUty or disease of the lung fields, c, Xomial bifurcation for comparison, b. Heal¬ 
ing tuberculous tracheal stenosis was most severe in the lower one-third; it was by-passed with 
a long tracheotomy tube. The right bronchus was almost occluded- c. The stenosed right 
bronchus has been excised: the distal bronchus is a large double-barreled structure; the 
tracheal stenosis is being slit open, d. The tracheal circumference has been enlarged by the 
addiuon of the right bronchus which has been transplanted and sutured into the tracheal 
Incision. 


Antimicrobial treatment was restarted after a lapse of two yeare. Three 
months later, dining the early healing phase, a tracheotomy with a long cane¬ 
shaped tube had to be done to by-pass a severe, asphj'xiating stenosis of the 
lower tracheal third. Tliere was also practical occlusion of the right bronchus 
at the coryna by a clean, healing stenosis. 

Because of the short time that had elapsed since active, caseous tracheitis 
had been observed, tracheotomy was done with considerable reluctance: inasmuch 
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Pig". 11 (Case 13) .-^Preoperative ami postopeiati\c chest I'oentgcnograms and bronclio- 
granis. A, Bronchiectasis and atelectasis riprlit upper and lower lobes, with large bullae of 
upper lobe, fourteen years before operation. B, Preopeiative bronchogram showing normal left 
side, and severe bronchiectasis and shrinkage of upper and lower lobes. C, Middle lobe broncho- 
gram shows no significant bronchiectasis, D, After excision of upper and lower lobes, and 
salvage of the middle lobe by bronchial division, dissection and anastomosis. The pulmonarj' 
artery of the middle lobe Is large ivhich is indicathe of its functional capacity. 
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bAt there bad been complete fracture of the broncbus; the trvo ends rvere separated by at 
least 4 cm., aud the space was occupied by fibrous tissue. After both euds were opened, there 
was a considerable amount of pus wliicb escaped from the lung. I tboug \t s le mij, i 
bronchiectasis and I therefore did a pneumonectomy and later a thoracoplasty. 

(Slide.) Last week I was presented with this patient. This 21-year-old man was in an 
automobile accident ten years ago and was treated in a small hospital in a neighboring toira, 
he also recovered with prayer and oxygen. However, he now has a complete dextrocar la, 
apparently a complete block of the right main bronchus,: the left upper lobe I think has 
herniated into the right chest, and we are presented with the problem of what we can do to 
rehabilitate him. He has pain, dyspnea, weakness on exertion, cannot work. I would like 
to ask Dr. Gebauer if he thinks at tliis late stage it is possible to restore the continuity of 
fliis bronchus aud restore the function of the right lung. 'iVould it be more sensible to do a 
pneumonectomy than a thoracoplasty? 


-Apparently fracture of the bronchus is a more frequent occurrence than we think. 
Probably most patients die very shortly from their injuries, but occasionally one might be 
saved if the condition were recoguized and if the surgeon were bold enough to go in and 
repair it. 


DH. JEXS L. HA2fSEN. Copenhagen.—I have performed bronchial resection in a small 
series of cases. I should espee'ally like to mention three cases in which bronchial carcinoma 
was located in the right upper lobe and extended to the main bronchus. Pneumonectomy was 
considered too risky: all the patients had emphysema and heart disease. -An upper lobectomy 
would involve bronchial closure in malignant tissue. Combined with a resection of the main 
bronchus (about one-half to three-fourtlis of an inch) the tumor could be totally removed, 
according to frozen section lustologic examination. The lower and middle lobes were mobilized 
by dissecting around the vessels and severing the pulmonary ligament. Hilar and mediastinal 
l.vmpli codes were removed. The azygos vein was resected lateral to the central portion of the 
main bronclius. 2\ow the end-to-end anastomosis was easy to do. The two lumina were equal¬ 
ized by oblique cutting of the distal one. A pleural flap was sutured around the broncliial anas¬ 
tomosis. .Aeration of the middle and lower lobes was obtained immediately. 

One of the patients died three days postoperatively of heart failure, and one died 
eleven months after surgery, from metastases. In both cases autopsy showed that the 
anastomo.sis was sufficient. >'o local recurrence was disclosed. One patient is still living one 
year after operation. 


Of course, tliis type of surgerv- in cases of bronchial carcinoma should be restricted 
to ven.- selected cases. Hi our series of about 300 iung resections for carcinoma, onlv 1 per 
cent of the cases were suitable for combined upper lobectomy and bronchial resection. 

DR. K. ALTLN AIEREADIXO. Seattle.—Dr. Gebauer is to be congratulated on the 
clinical contributions he has made to this problem. Alany of the members of this -Association 
have contributed to the problem experimentally. In the experimental laboratories of tlie 
University of AVasliington my associate. Dr. Lawrence B. Hiriluk, and I have performed 
almost 200 experimental operations on the dog. AVe have satisfied ourselves that such tracheo- 
broadiial reconstructive procedures are not only feasible but safe, further, that the bronchus 
may be transected in any plane and be assured of a satisfactory blood supply. Healing is 
not aiiccted in any way. This is important in that either end or both ends can be ‘‘tailored’■ 
so that an isoproportional lumen is available for a proper anastomosis. On bronchospirometric 
studies in dogs it has been found that the lungs distal to tracheobronchial reconstructive 
procedure^ apparently respire in a normal fashion: also, once the lumen is establislied 
stenosis does not occur up to a period of two years. ’ 


I would like to present certain material that we have available which closes the tmn 
somewbat between the experimentnl problem and its sound clinical application. ' ^ 

(Slide.) Those are the measurements between the eoryna and the take-offs of the 
various hrondii and segments of the lung in 133 freshlv autopsied cadavers Tl o ' * i 

measuremeats are helpful in establishing what can and ^hat cannot be done' ''' 
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as tlie control of secondary infection incident to it was sure to become more 
difficult with the passage of weeks, I felt eoniniitted to attempt tracheobronchial 
reconstruction before control was lost, despite the incomplete healing of the 
tuberculous process. 

With some comfort from the knowledge of Mr. Cleland's success in the face 
of residual activity, operation was undertaken ten days after tracheotomy. Tlie 
procedure is depicted in Pig. 12. The distal line of excision of the right bronchus 
was across both tlie uiiper and the lower lobe bronchi, creating a rather large 
double-barreled structure. The proximal line of excision was at the coryna. 
The most severe tracheal stenosis extended upward 3 to 4 cm. from tliis level. 
The lateral tracheal wall was incised longitudinally in this ai’ea; some of it 
was extremely fleshy and edematous, and a narrow strip was excised from the 
anterior margin. The incised trachea was spread open and -the distal right 
bronchus transported upward to fill the opening, its dimensions being quite 
adequate, when added to the circumference of the stenosed trachea, to provide 
a good tracheal lumen. A good airtight anastomosis was performed. There was 
some downwai'd drag on the right hilum even after division of the pulmonary 
ligament. The long tracheotomy tube was replaced with a standard tube, and 
the postoperative course was without incident. Bronchoscopies seven days and 
three weeks after operation showed excellent early healing and good openings to 
both lobes. The short tracheotomy tube was removed after one week. The pa¬ 
tient is now comfortably continuing a long period of rest and antimicrobial 
treatment. 
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DISCUSSION 

DR. JULIAN A. MOORE, Asheville, N. C.—AVithout haring had any e.xperienee with 
anastomosing the bronchus, I would like to present a case of traumatic stricture, and maybe 
get some free advice concerning treatment. I have seen three traumatic strictures in the 
past twenty years which resulted from crushing wounds of the chest. One occurred in a 
young man who was injured in an automobile accident; he was treated in a small hospital 
by oxygon and prayer and recovered. There was complete stricture of the bronchus which 
resulted in complete shift of the mediastinum to the left with considerable symptoms. Colonel 
Keller did a thoracoplasty on that individual about twenty years ago and the patient has 
remained well since. 

Two years ago I saw a young woman who had sustained multiple injuries in an auto¬ 
mobile accident: fractures of the skull, the jaw, the clavicle, and one rib, with a hen.o- 
pneumothorax. She, too, got well with prayer and o.xygen, and a resultant stricture of t le 
rio-ht main bronchus resulted. After listening to the first presentation by Dr. Gebauer on 
this subject two years ago, I e.xplored the chest hoping to be able to reconstruct the bronchus. 
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DB. "VVILXIAil M. TUTTLE. Detroit.—I have been most interested throughout the 
rears in foUovring Dr. Gebauer's experimental and clinical approach to the problem of 
bronchial anastomosis. IVe have been interested in this subject as yon know for some tune. 
Several years ago I reponed in a discussion at this meeting my experiences with a patient on 
whom such a procedure was carried out. This was done in 1917. and I believe is the^ fir..t 
instance in which such a procedure was performed on a patient. In the course of doing a 
revision lobectomy, which required the removal of the lingula and the superior division of the 
left lower lobe which had been left in the course of a snare lobectomy done in 1911. the 
upper lobe bronchus was injured to such an extent that it seemed (in view of our experimental 
work at that time) to be more feasible to remove the upper lobe and reanastomose it to the 
left main bronchus. The postoperative course was uneventful. The patient has subsequently 
undergone several bronchoscopies which reveal the anastomotic area to be normal and without 
stenosis. Subsequently, too. in the vear 1959. a segmental resection was done of the posterior 
apical segment of the right upper lol>e without incident on this same patient. 

DE. WILLIAAI A. TTOP ETX S Atlanta.—After Dr. Gebauer’s excellent report several 
years ago we became interested in tlie use of dem'al grafts and methods of closing defects 
in the bronchi. I wish to report briefly four cases in which this method has been used 
successfully; to enlarge the bronchus in one ca^e. and to close a defect in the trachea and 
bronchus in three other cases. 

The first case involved an ll-year-old boy who had a right broncliial stricture at the 
level of the right upper lobe. This followed the aspiration of a staple at the age of 2 years. 
It remained within the bronchial tree for a year, then was removed, and a stricture developed. 

(Movie.) This shows fluoroscopic study of the chest with cinefiuorography. ZCote shift 
of the mediastinum to the right side with inspiration. At the time of surgery a Gebauer 
dermal graft was inserted at the level of the right upper lobe. The entire right lung was 
normal except for underdevelopment. The patient is now doing well, two years after surgery. 

The next two cases encountered were malignancy of the right upper lobe in which 
there was an abnormal liigh take-off of the right upper lobe bronchus in one case, much 
higher than nonnaL In the second case there was direct invasion of the coryna. The right 
portion of trachea, the coryna. and the medial side of the left main-stem bronchus were 
resected following pneumonectomy. The defect wa= replaced by a Gebauer type of graft. 
Both cases did very satisfactorily postoperatively and have recovered. In one case a flstnla 
has developed. In neither case was there evidence of metastasis to the lymph nodes. The 
local extension and the relationship to the bronchi made tliis form of resection necessary. 

Oar lonrfh case was a 4-year-old child who had a large simple cyst of the posterior 
portion of the lower end of the trachea. On excision of the cvst it was found that the cyst 
wall was the posterior wall of the trachea and it was replaced by dermal graft. Surgery was 
completed eight months ago and to date the child is doing very satisfactorily. 


DE. ALEBED GOLDMAX. Beverly Hills.—One year ago in The Joeexal of Thoeacic 
.-racEET. we reported four cases of rransplcnral bronchotomy for bronchial tumors of the 
a cnomatons group, and I would like at this time to report a foUow-np on those cases. The 
oldesi, case involved a tumor of the left stem bronchos which was removed with left lower 
lol^tomy. This patient is now about eight years postoperative. She had a bronchial adenoma 
and now she has no signs of recurrence. Two patients were operated upon in 1949; the first 
lad a tumor in the left stem bronchus, and the entire wall of the bronchus was not removed 
at an incision was made and a pedicle tumor removed vrith cauterr of its base. This patient 

a concerned 

^ *-denoma oi the right stem hronchns located on the medial wall of the first 

^ « ‘he entire wall and resntnred. This parienfS 

alive without signs oi recurrence after four vear=. AVe feel that thi-; <rrrrr, - 
turnon is amenable to local excLrion in select'ed cases' ^ ^ adenomatous 
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(Slide.) In a smaller study o£ 55 freslil}' autopsied cadayers, the luminal diameters of 
the areas which might be utilized in tracheobronchial reconstructive procedures are shown. 

I am somewhat hesitant to present a single case report. However, in view of Dr. 
Gebauer's reference to an Australian colleague who recently treated a bronchial adenoma by 
bronchial reconstruction, and because no single individual may have a large experience with 
this problem, and in the hope that others will attempt it, I would like to report a case of 
bronchial adenoma treated by a reconstructive procedure. 

(Slide.) This is a Gl-year-old white man who presented himself n-ith progressive 
dyspnea, hemoptysis, and lower left chest pain. This is a typically emphysematous chest. 

(Slide.) Tins is the lesion which was in the lower lobe. On bronchoscopy, the bronchos- 
copist thought that the lesion was too close to the left upper lobe take-off to do a left lower 
lobectomy. 

(Slide.) The patient was seen by our cardiorespiratory study group who felt that he 
could be explored but that only the most minimal type of excisional surgery should be con¬ 
sidered. This is a schematic presentation of the site of the bronchial adenoma, and the 
A and B lines indicate flic line of transection of the left upper lobe bronchus and the left 
niain bronchus. 

(Slide.) This is the reconstructive procedure that was done, an anastomosis end-to-end 
of the left upper lobe bronchus to the left main bronchus. The inset indicates the e.vcised 
Specimen including the left lower lobe, a portion of the left upper bronchus, and a portion 
of the left main bronchus. 

(Slide.) This gives an idea of how much additional bronchus may be resected by such 
a procedure. By measurement, an additional 4 cm. of proximal bronchus was excised with the 
specimen which otherwise would not have been obtainable. I think it is evident also from 
our initial schematic drawings, wliieh were to scale, that a great variety of reconstructive 
maneuvers can be carried out and this represents one variant. 

(Slide.) This is a view of the tumor. 

(Slide.) This is an x-ray picture taken eight months postoperatively. On differential 
bronehospiromctiy at approximately this same period after surgery, it was found that the 
left lung (left upper lobe) accounted for 3S per cent oxygen consumption and 47 per cent 
ventilation. Now, more than a year later, this patient remains a garrulous old man who 
now states that he can talk continuously without having to stop for breath as was the case 
preoperatively. 

DB. PKEDEBICK G. KERGIN, Toronto.—AVe also have been interested in Dr. 
Gebauer’s work and have used his dermal graft reinforced by wire on several occasions 
including one time for adenoma in a young woman, a situation very similar to the case shown 
of Mr. Officer Brown. In this case wc were able to resect the adenoma and use a graft and 

save the lung. It was a great satisfaction, and so far the lung is functioning very effectively. 

We had one other case recently, similar to the case Dr. Jloore spoke about. A young man of 
22 who had, thirteen weeks previously, a crushing injurj' to the chest which was followed by 
hemoptysis and very severe emphysema. In Canada ue also use prayer and oxygen, and he 
survived. He came to us with atelectasis of the middle lobe. 

(Slide.) Tliis shows an obstruction of the right main bronchus near its origin. From 
the history we could recognize that this patient had a fracture of the right main bronchus 
near its origin, and this diagnosis was conlirnied by bronchoscopy. 

(Slide.) At operation we found a situation like this: Apparently the right mam 
bronchus had been torn from the trachea. There was a tremendous inflammatory reaction 
which rendered dissection difficult, and there was almost no lumen. We were able to resect 

the damaged portion of the bronchus as shown in the second diagram, leaving a rather 

ragged defect here and a similar ragged defect in the bronchus. These were brought to¬ 
gether as shown in the third diagram. This operation was performed only eight days before 
I left Toronto and at that time the patient was well and showed re-expansion of the right 
lung, and no leakage of air. 

I should like to say that 1 enjoyed Dr. Gebauer’s presentation very much. 



PUL^^IOXAET DISTENTION AS SEEN IN THE 
LOEDOTIG EOENTGEXOGEAIM 

Joseph Gordox. H.D.A axt) ^Y. Berkeley Zixx. (by ixyitatiox) 

Kay Brook, N. T. 


T he lordotic roentgenogram has been used to Yistialize better the pulmonai j 
apices vritb the clavicles out of the lung fields, as first reported in this 
eounti’Y hv Baum and Black.^ In the lordotic film, the point oi apposition of 
the ttvo lunss in the anterior mediastinum is indicated hv a plauily visible 
linear radiopacity (Figs. 1 and 2). This line is apparently due to the four 
layers of plexma (two parietal and two visceral) between the air-containing 
Itms inunediately adjacent on either side. Tliis is more strikingly illustrated 
in Figs. 3 to 5 where a right-sided hydropneumothorax can be seen crossing 
into the left hemithoras. The linear density noted in the lordotic film is thereby 
identified as pleural displacement from right into left hemithorax. 

lYhen the heait and trachea ai’e deriated toward one side, it is obvious that 
the lung on the other side is distended to an tmusual degree. lYhen these struc¬ 
tures appear in normal or nearly normal position, considerable overdistention 
of one hmg may occur as a I'esult of herniation of a portion of one lung, usually 
through the anterior mediastinum into the opposite hemithorax. 

It is considered that an anterior mediastinal Ittng hernia exists only when 
the anterior portion of one limg extends beyond the trachea into the opposite 
hemithorax. If the lung does not extend beyond the trachea, it is not considered 
that a hernia is present. lYith either a mediastinal limg hernia or mediastinal 
displacement, one Itmg (or a portion of it) must be distended to an unusual 
degree. YThen aU of the mediastinal structiu-es are displaced, the situation is 
obvious. The true situation may not be obvious, however, when the readily 
visible mediastinal striietui-es (heart and trachea) Ee in normal position or are 
only slightly displaced. In these circumstances, it is fairly common in our 
experience to liave a sizable anterior jaediastinal limg hernia which is demon¬ 
strated best or only in a lordotic film. 


TECHXIQEE 

TUe Bucky fliapkraeja is routinely employed By us in taking lordotic films. The pa¬ 
tient stands tvith the back totvard the cassette chanster or the table in the vertical position 
if the table Bucky is used. One short step is taken away from the cassette changer and the 
patient leans back, resting the uppermost dorsal part of the chest against the cassette 
changer. The back should t>e well arched, the thorax at an angle of about 45 de»Tees to the 
cassette. ' s - 
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DR-. Ross ROBERTSON, Vancouver.—I would like to add two cases treated by Dr. 
Geliaucr’s teclmique, and also to ask liim a question about tlie technical management. 

The first case concerned a woman, aged 27 years, who had an adenoma in the right 
main bronchus just at the orifice of the upper lobe bronchus, which caused an obstructive 
emphysema of the right lung. In this ease the right upper lobe was resected along with a 
cuff of the main-stem bronchus, and the continuation of the main-stem bronchus was anas¬ 
tomosed to the trachea at the coryna. The second patient was a man, aged 72 years, with a 
well-differentiated squamous-cell carcinoma completely obstructing the right upper lobe 
bronchus and extending along the mucosa of the trachea on the outer surface for a distance 
of about 2 cm. In this case the medial surface of the right main-stem bronchus was pre¬ 
served as a flap and was turned up to cover the defect in the trachea which had been removed 
along with the right lung. Pathologic examination showed that the tumor did not even 
penetrate the muscle coat of the bronchos, and that there were no glands involved. In both 
these cases the postoperative convalescence was remarkably smooth and I certainly would like 
to recommend the technique. 

I would like to ask Dr. Gebauor whether he makes a point of preserving the bronchial 
arteries to the remaining bronchi. 

DB. GEBAtlER (Closing).—I am pleased that dermal grafts and bronchial resections 
are being successfully done. I tliank Drs. hloore, Hansen, Hopkins, Mcrendino, Kcrgin, 
Tuttle, Goldman, and Robertson. 

Bronchostenosis resulting from chest trauma is unquestionably more common, as Dr. 
Moore mentioned, than wo previously imagined. I believe early bronchoscopy and conse¬ 
quently thoracotomy are frequently neglected in severe chest injuries, 

I am glad that Dr. Tuttle’s patient with upper lobe anastomosis is still well after five 
years. Accidental division of bronchi is more common than indicated by the literature, and 
it should not necessarily call for excision of the part supplied by tlie divided bronchus. I 
feel that this has been the case quite frequently in the past. 

The use of dermal grafts and plastic bronchial procedures to extend the limit of resec¬ 
tion for carcinoma is, perhaps, a slight improvement of a therapeutic measure that leaves 
much to be desired. Unquestionably there is ample room for improvement in the surgical 
treatment of lung cancer. 

Dr. Hopkins’ movie was excellent and I am pleased with Iiis successful cases. 

The Salvage of good lung tissue, especially in older people, as illustrated by Dr. 
Merendeno, is most creditable. His case, as well as Dr. Goldman’s experience, indicates that 
many bronchial adenomas can be successfully treated by broncliial e.vcision. 

The use of a local or “wedge” excision, as reported by Dr. Kergin, to restore a 
bronchial lumen, will be most often applicable to deformities involving tlie right upper and 
proximal main bronchi. The application of a simple plastic procedure can be most gratifying- 

in answer to Dr. Robertson, we try to preserve the broncliial arteries but do not particu¬ 
larly avoid their division if we need room. Especially in doing a doniial graft, \vc do avoid 
peribronchial dissection as much as possible. 
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the diseased part contracts, it moves posteromedially toward the paravertebral 
gutter. Eotation similarly occurs in the presence of pulmonaiy collapse bj 
pneumothorax and thoracoplasty. This is eiddenced at bronchoscopy bj' noting 
rotation of the tracheal carina and displacement of certain of the bronclual 
openings in a clockwise or counterclockwise direction, depending upon the side 
toward which the rotation occni’s. 

The roentgenogram may show the position of the mediastinal structures to 
be normal or deidated to one or the other side. Eotation may not be recognized. 
Where the fissure lines can be detected in the posteroanterior or lateral films, 
they are helpful in discerning areas of lung distention. The lordotic film, how¬ 
ever, is most helpful and often shows distention of a part of the lung (lung 
hernia) over to one or the other side of the midline. Where a considerable 
amount of disease in the upper lobe produces contraction, there results disiilace- 
ment of the opposite lung. 

Pulmonary compensation by such displacement is often observed at post¬ 
mortem examination after removal of the breast plate. When one lung is 
greatly shrunken, the opposite lung may be distended into the hemithorax con¬ 
taining the shrunken lung, iloreover, in open chest surgeiy for tuberculosis, 
at times a despression or protrusion of the pleural membranes along the anterior 
mediastinum may be noted. Emdenee of compensation by distention of the 
lung is best seen in cases of abandoned pneumothorax. In some cases, where 
little or no hernia is noted before pneumothorax treatment, a rather striking 
change is seen after, especially where the re-expansion is complete. There is 
other eiidence of decrease in volume of the treated lung; the mediastinum is 
seen to shift to the diseased side and the other factoi-s of compensatory change 
(flattening of the chest wall, elevation of the diaphragm, and limited motion) 
may also be observed. When lordotic roentgenograms are taken, a localized area 
of distention of the lung is seen, not generally detected in the conventional film. 

The lordotic film nill demonstrate small areas of pulmonary distention 
(Pig. 2), whereas bronchospirometry cannot localize distention to lobes and 
can only reveal relatively large changes in lung volume. The distention of the 
contralateral lung toward the diseased side may be seen in varying degrees, from 
a slight amount of displacement which can just be seen within the air column 
of the tracheal shadow, to extensive sliift of a portion of the limg well into the 
opposite side (true herniation). The degree to which pulmonary displacement 
may occur is dependent upon a number of factors which will be considered later. 
However, the chief of these is reduction of lung volume secondaiy to disease or 
removal of lung tissue. 

A relatively small amount of lung involvement, as seen in the conventional 
posteroanterior roentgenogram, may be accompanied by unexpected displace¬ 
ment of the uninvolved lung toward the side of the disease, as demonstrated 
only m the lordotic film. This finding would suggest that the extent of lung 
damage indicated in the regular roentgenogram may not be accurate In the 
absence of serial films, it is reasonable to assume that more extensive disease 
msly present and clearing occurred without restitution of the 
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This \sill \aTy somewhat with the patient’s build, the object being to project the 
clavicles completely out of the lung fields. The shoulders should then be hunched forward 
and elevated as much as possible. The s. ra}’ tube focal spot is positioned about one inch 
belou the level of the xjphoid cartilage. An 11 by 14 inch film is used with the long 
dimension horizontal. Focal spot film distance is 4S inches. Exposure iactors: 200 Ifa ; 
O.I second; usual KVP 90 to 94 depending on the size of the patient, with extremes of 
SO KVP (for a lery small peison) and 9S KVP (for a very large person). By this technique, 
eiidence of herniatioii secondaij to change in size of lung will be best seen. 


V f; 





Case 1 

Fig 1 —Posteioanterioi ioentgonogiam showing shadow o£ minimal disease in right 
second anterior interspace 

Fig 2—Lordotic roentgenogram showing shadow of lesion to better adiantage Arrows 
outline border of left lung shadow seen crossing that of tracheal air column indicating begin¬ 
ning displacement left to right hemithorax 

Case 2 

Fig 3—Posteroanteilor roentgenogram showing bilateral pneumothorax with bilateral 
fluid The arrows outline a mediastinal displacement of right hydropneumothorax into leii 
chest 

Fig 4 —Roentgenogram taken in tUt position further verifies the above findings 

Fig. 5—^Lordotic roentgenogram showing displacement or herniation of mediastinal pleura 
from right into left hemithorax. 

The loss of lung volume may be the result of parenchymal disease, bronchial 
disease, resection of lung tissue, or limitation of expansion by pleurogenic fac¬ 
tors, or any combination of these. It is well known that tuberculosis is most 
often located in the apical and posterior portions of lobes. Commonly, when 






Case 4 

Fig 10—^Posteroantenor roentgenogram showing giant sized caMtary shadow with sur¬ 
rounding densities Note absence of tracheal deviation despite extensive pulmonary disease 

Fig 11—Lordotic roentgenogram showing same shadows to better adxantage Note ab¬ 
sence of am contralateral oulmonarj displacement 

Figs 12 and 13 —Right lateral roentgenograms taken in both inspiration and expiration to 
show localized obstruction (failure to deflate) of right upper lobe accounting for absence of shift 
and displacement 



Case 5 

oral loontgenogrjm of patient with bilateral pulmonarj disea-,. Lhal- 

ninrked restrict ' how mg aer\ limited herniation This is in presence of 
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lung to normal. Reduction in lung volume, thereforej made a demand for space 
filling, resulting in the yielding of the u'eak anterior mediastinum, permitting 
herniation of the opposite lung. In the presence of bilateral disease, displace¬ 
ment touard one side Avould indicate u'hich lung had the greater reduction of 
lung volume. In bilateral re-expanded pneumothorax, the degree and side of 
displacement u'ould indicate u-hieh hmg re-expanded the better or had the 
lesser extent of lung damage (Pigs. 6 to 9). 



Case 3 

Fig. 6.—Lordotic roentgenogram sho^Mng bilateral pneumothora'v and no \isible “hernia” 

Fig. T —Lordotic roentgenogram after re-expansion of right pneumothorax, shon mg 
“hernial’' displacement from left to right. 

Fig. 8.—Lordotic roentgenogram shoeing “hernial’' displacement now right to left as 
pneumothorax on the left %s being let up 

Fig 9 —Lordotic roentgenogram after complete re-expansion on both sides “Hernial” 
displacement remains to the left 

The degree of pulmonary displacement is not always predictable from a 
casual re^'iew of earlier films, as a number of factors are concerned. Repeated 
local spreads of disease accompanied by clearing may have caused greater 
change in the surrounding lung than suspected. A point could be reached 
where irreversible emphysema was produced in the segment of lung containing 
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exerted here is cMefly hydrostatic brit, in leality. there may 
Lranleiiral pressure exertins its effect npon the mediastinum. Shift touaid 
the fliiid side may leadilj occur and result in contralatei^l pulmonary displace¬ 
ment, despite the pressure of the fluid (Pigs 16 and li )■ 



S 

Fjgr 20—Po-teroantenor roentfreno^ram shoi'ing^ abnormal shadows in lower lung field 
chicflN and dexiation of tracheal *5hadow 

Pi? 21 —Lordotic roentcenograni showing pulmonary displacement of left lun? into right 
hemithorax 

F\? 22—Po*5teroantf‘nor roentgenogram following pneumonectom\ for bronchial and pul- 
nionar\ di'sea'^e followed m one month bi thoracoplastv with remoial of first rib 

Pig 22—Lordotic roentgenogram *'howing reduction m ^ize of herniation despite pneu- 
monectomv but with addition of tlioracoplast'. 

A not too dissimilar condition is noted in cases iihere thoracoplasty is done 
followiii" lesection, leaving behind the first rib. Here, too, is noted a space¬ 
filling shift of the contralateral lung, seen best in the lordotic film (Figs 18 and 
19). Ill contrast to this, e\en after pnenmonectomy, if the thoracoplasty in¬ 
cludes the lemoial of the first iib. this tendency to distention may be greatly 
limited or preiented (Figs 20 to 23). Hoiveier, vrhen there is * pre-existing 
pulmonary displacement, it is not ahiais reducible by thoracoplasty (Figs. 24 to 
29). Experience has shown that e%cn where the entire first and second ribs. 
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the visible area of disease. Wliere obstructive emph 3 ’sema is present, decrease 
of lung volume is not veiy marked and there maj' be little or no herniation even 
in the presence of extensive pulmonaiy disease (Figs. 10 to 13). 

A similar situation maj^ be present when bilateral effusion (Figs. 14 and 
15) or unilateral effusion on the side opposite that containing the greater 
amount of disease has caused limited mobility of tlie lung. In other instances 
there maj’^ have been antecedent bronchitis and emphj'sema, asthma, or other 
pulmonary disease, associated with decrease in elasticity of the lung. Anj’ of 
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In other cases, there is i-ednction in the size of the herma or it may he 
satisfactorily corrected (Figs. 30 to 32). On occasion, there may he further 
increase in the amount of pulmonary displacement foUo'wing thoracoplasty. The 
latter appai'cntly results from the further collapse ■with posterolateral x'otation 





asty shoivics herniation of right lung 
«ec.'ease in size of hernia 


Case 9 

Fig- 24—Lordotic roentgenogram showing pulinonarj shadows and absence of herniation 
Fig. 25—Lordotic loentgenogiam after pneumothoia's. again in the absence of herniation 
Fig 26—Posteroanterior roentgenogram following re^evpansion of unsuccessful pneunio- 
thora's. showing mediastinal shift to the right. 

Fig 27—Lordotic roentgenogram showing marked herniation 

Fig 28—Posteroanterior roentgenogram following thoracoplastj with good anatomic 
collapse 

Fig 29—Lordotic roentgenogram showing persistence of pulmonaiy displacement 

inchiding the cartilage to the sternum, are removed in a preliminaiy anterioi 
operation, the hernia may persist. "Witli the thoracoplasty completed pos¬ 
teriorly, the mediastinum may not he returned to the normal position and the 
distention not corrected. 












270 


THE JOURNAL OP THORACIC SURGERV 


of the vinderl 3 Hng diseased lung as licaliiig organization takes place. Such an 
increase in pulmonarj’^ distention as seen bj- lordotic roentgenogram helps to 
explain wlij' in some cases the late effects of thoracoplastj' are associated with 
further loss of pulmonarv function, in addition to the scoliosis reported by 
others.- 



Case 11 

Fig. 33.—Lordotic roentgenogram showing large hernial displacement of left lung into riglit 
hemlthorax in inspiration by tlie standard technique 

Fig. 31.—Same during expiration showing marked ieduction in size of hemia. 


Where thoracoplast.v is done some time before ])neumonectom.v or before 
complete abandonment of pneumothorax, this displacement mny be greatly 
limited or perhaps preVented. It has been I'eported by others’ that greatly 
delayed thoracoplasty after pneumonectomy, because of pulmonary overdisten¬ 
tion, fails to improve function. The lordotic film, showing persistence of hernia¬ 
tion following thoracoplasty, indicates that the overdistention was not corrected. 
A clue as to the expected successful replacement of the distended lung ma.r be 
had bj^ comparing the lordotic roentgenograms taken in inspiration and expira¬ 
tion (Figs. 33 and 3-4). In some instances, these herniated portions of the lung 
maj*^ become smaller, others disappear from view, while still others remain un¬ 
changed in expiration. Those remaining unehanged behave very much like an 
area of localized obstructive emph.ysema, resisting collapse. 

A further observation noted in this stud.v was contralateral breakdown in 
some cases after re-expansion of a successful pneumothorax (Pigs. 35 to 38). 
The material did not lend itself to statistical analysis, but a strong impression 
was gained that two factors were common. There was usuallj^ a previous small 
focus of disease in the lung opposite to that treated bj' pneumothorax and, 
furthermore, the breakdown, as seen in the lordotic film, was at the same level as 
the herniated portion of the lung. A similar set of circumstances was noted, as 
Avell, in thoracoplasty cases (Figs. 39 to 42). 

There were cases that had contralateral foci with herniation of lung before 
the thoracoplasty was done. At a later date it was noted that (1) the henna 
persisted, and (2) the contralateral breakdown was at the same level. A correla- 
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a,n te™n Pd™c,n»„ „ve«iUtenti«n .™d teakdo™ oi tnbemdo.l. »ci to 
been .mdei- study for some time, blit the erideuee tor eaiise-aiidoiaeet rela.ion- 

sMp is still inconclusive. . , , . .r i -r- 

It has been noted also in the itview of this matenal that noi 
thoracoplasty not necessarily a con-ective niea.sure. but xhe displacement pei^s 
in the piasence of phrenic nerve para.lysis and oi pneumoperitoneum. om a^ 
mea-mres. on the other hand, may be seen effectively to con-ect the displacement. 



12 

Fisr. S5.—^Po<en3<mt*=xjor ro^niEenosiraEa pa<=-u.Tnothorax on risrht. 

Fi^. ^“5.—txK-rsisr-noeram shoTrissr ab^-n'ce of displacement hut sboTring rniplT^al 
in left, upr-^r lisns: £<=-I<i- 

Fltr. CT.—Pc«5t<^roant-rior rew-ntErenotnram aft*-r re-expansion of presumably sncces^fol 
pr'C-UEraOihorax cn rasbt, hut gbado-rr appw-arwi on the lefL 

—^Lordotic no-ntsr^nosrana sho^^rinsr to better adrantasre the apTnilfiir shado^r on th«* 
leoctr c.ir-<rUy oppi^^ite to th- area of pnimonary displacemrnt of left lime: into risht fcemithoraaL 


This was ceen in cases oi extinplenral pneiunoxhoras especially, since the pres¬ 
sures are usually kept on the x>odtive side in both phases of respiration. Here, 
it is not unlike intraplenral air in thai where there is a pre-esisring displace¬ 
ment of the Inns toward the side for which pneiunothorax is to be given, the 
hernia is e&'ecxively i-educed. 

It is not intended to recommend plombage as a better form of coUapre 
treatment. It can be said, however, that replacement of distended contralateral 
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lung is another reason for plombage in addition to its use to attempt to compress 
a lung that resists collapse by other means. This goes as ■^^ell for the use of 
prosthesis in certain pneumonectomies instead of doing late thoracoplasty. The 
limitation of distention of the remaining lung is more effectively controlled by 
space-filling material. 



Case 13 

Fiff 39—Posteroantenor roentgenogram before thoracoplasU sho^Mng shadow of moderate 
disease on the right ^ith tracheal deMation and minimal shado\\ on the left 

Fig 40—Ijordotic roentgenogram showing herniation present of left lung into right hemi- 
thorax 

Fig 41—Posteroantenor roentgenogram following thoracoplasty showing increase of 
shadow' on left 

Fig 42 —Lordotic roentgenogram show mg persistence of pulmonar^ displacement and 
development of annular shadow' at site of previous focus 


The pattern of compensatory dilatation of the lung is not known. It is 
not clear whetlier all of the remaining nninvohed tissue contributes to a degree 
to the distention, or whether immediately contiguous areas plaj" the predominant 
role It is possible to consider that the lung may have areas of different 
elasticity, inasmuch as about the root, in the apex and at the spine movement is 
restricted, and so also may he expansibility 

klieroscopic examinations of pathologic tissue reveal that in the region 
of a tuberculous or other nodule the immediately surrounding alveoli are 
enlarged in contrast to the more distant normal sized air sacs. In examining 
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large portions of lung, one sees in addition to the characteristic areas of disease 
some distended alveoM, others collapsed, and still othei-s of comparatively normal 
size. The elastic property of the lung has been recognized and its ability to 
fill space in the thorax is particularly exemplified folloiving pneumonectomy. 
Under other altered physiologic conditions, one may note collapse of lung tissue 
or inability of emptying as in emphysema. This latter niai be secondaii to 
(a) loss of elasticity or (b) bronchial obstruction. It is also Imonm that both 
in the human being and in the experimental animal, emphj sema m more com¬ 
monly seen in the peripheral portions of the lung. This is more striking iiheie 
blebs are noted imder the idsceral pleura. 

It has been seen that a segment of lobe or an entire lobe may be lost In 
disease or resection vdthout significantly altering measurable pulmonaiA func¬ 
tion. The difference bertveen compensatory dilatation and pathologic or so- 
called “irreversible emphysema" is a subject of debate between physiologist 
and pathologist. It is possible, however, to demonstrate localized regions of 
trapping of air by roentgen means and thereby conclude that functional altera¬ 
tions must likewise be present. It is tempting to suggest that a portion of the 
lung may undergo distention selectively and thereby permit the remaining lung 
to function noimally within certain limits. 

On the basis of these studies, the use of the lordotic roentgenogram has been 
extended. It is useful for cheeking on the re-expansion of pneumothorax (intra¬ 
pleural and extraplemal). U'hile shift of the mediastinum is easily recognized, 
contralateral pulmonaiy displacement may be seen to a greater degree in the 
lordotic roentgenogram or may be seen in the absence of tracheal shift. These 
findings have been given broader application from a surgical standpoint as well. 
The question as to when or if a space-reducing thoracoplasty should be done 
following resection or decortication remains a matter of personal iireference 
for various reasons. 

Here, in the lordotic roentgenogram, is some erideuce regarding ipsilateral 
e.xpansion and contralateral overexpansion which may serve in a general way 
as a yardstick. Following pulmonai'y I’esection of a lobe or less, the post¬ 
operative roentgenograms taken from three to four weeks after surgery are 
used in determining whether or not a space-reducing thoracoplasty will be per¬ 
formed. Should contralateral pulmonary displacement develop or exceed pre¬ 
existing change, the operation is generally done. In the presence of a small 
contralateral lesion for which bilateral resection is not planned, greater weight 
is given in favor of doing the thoracoplasty. In cases of decortication with or 
ivithont parenchymal resection, the same pattern is generally applied. The 
development of or increase in size of a pre-existing contralateral lung hernia is 
suggestive evidence that re-expansion of the decorticated Irmg is limited. A 
thoracoplasty is therefore done to contain the re-expanded Irmg rvithin its 
boiindaries of expansion. This is to be preferrad to overexpansion for space 
filling by emphysema, rrith possible reduction in function rather than improve¬ 
ment. It seems entirely possible, also, to use these clues of behavior of prrl- 
rnonary distention in deciding aborrt a preliminary thoracoplastv to decortica¬ 
tion and/or Irmg resection. 
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SUMMARY 

1. The lordotic roentgenogram reveals evidence of anterior mediastinal lung 
herniation, indicating pulmonary distention vhich may not be seen or suspected 
in other roentgenograms. 

2. Contralateral pulmonaiy distention results from loss of lung volume 
secondary to pleural, bronchial, or parenchymal factors, or following resection. 

3. Changes in lung size noted prior to surgery may be seen to persist follow¬ 
ing operation, as in thoracoplasty. 

4. Exacerbation of parenchymal disease has been associated with pulmonary 
overdistention. This finding is believed to warrant further study. 

5. The lordotic roentgenogram serves as a guide in assessing re-expansion 
of the lung following pneumothorax or resection and it is used to indicate when 
thoracoplasty might be added to advantage. 

Tlie radiographic illustrations were prepared by Anna M. Sanlow, Senior X-ray Tech¬ 
nician, Eay Brook State Tuberculosis Hospital, Bay Brook, N. Y. 
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EXPERIMENTAL LUNG TRANSPLANTATION 

WiLFORD B. Neptune, M.D., Russel AVeller, jM.D., and 
Charles P. Bailey, M.D. 

Philadelphia, Pa. 

T he exchange of a normal for a diseased organ has long been an appealing 
idea. Many attempts at homologous transplantation of various tissues and 
organs have been made, and, with the exception of an occasional successful 
“take” in skin grafts from an identical twin, all have ended in failure.^ How¬ 
ever, following the report of Juvenelle and his associates," concerning successful 
autogenous reimplantation of a lung in a dog, we were stimulated with the idea 
of performing similar experiments for physiologic study and as a preliminary 
step for attempting homologous transplantation of lungs. 


TECHNIQUE 


AVe followed a technique somewhat different from that reported by 
Juvenelle and his associates.- Fairly large mongrel dogs Avere anesthetized with 
intravenous Nembutal, and respiration ivas maintained bj'^ use of a Pneophore 
respirator* attached to an endotracheal tube with an inflated rubber cuff. The 
lung was mobilized and removed. The left main pulmonary artery Avas mobilized 
and dh’ided betiveen vascular clamps. The bronchus Avas then dissected free 
and divided after clamping the proximal portion Avith a Potts bronchus clamp. 
After this, the pulmonarj^ veins and the portion of the left auricle containing 
the entrance of the left pulmonary veins Avere dissected by deA'eloping the tissue 
plane posteriorlj’’ and opening the pericardium anteriorly. Instead of transect¬ 
ing the pulmonary A'eins, AA-hich necessitates two or more small A-essel anastomoses, 
Ave performed a resection of a portion of the left auricle by use of the Potts 
cui-ved, right angle A’ascular clamp (Fig. 1). AVith this method Ave then had 
to perform only one venous anastomosis; also, the auricle is thick and fairly 
tough and anastomosis is much easier. 

After the lung was removed, AA'e AA-ashed the vascular system AA'ith saline 
solution, containing heparin, to remove blood and prevent clotting during the 
subsequent surgical procedure. In the case of homologous transplantation, the 
donor dog Avas heparinized prior to surgery and this washing Avas not necessary 
(Fig. 2). The lung was then comiected by suture anastomosis. The auricle was 
anastomosed Avith a running everted mattress suture of 00000 silk; these were 
interrupted about three times on the anterior and posterior roAv. The pulmonary 
artery AA-as next anastomosed, and circidation was allowed to resume through 
the lun g. Tlie bronchus was next anastomosed; our best results have followed 
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Fig 1—Tills sho\\s the tliorav of the recipient animal following’ left pneumonectomy 
Note the clamps used to manage the left piilnionai} alters, left mam bronchus, and left 
auiicle 



Fig 2 —^The donor lung, ready for anastomosis 
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the use of a ranning, end-to-end anastomosis, using 0000 silk vascular suture 
material. The lung was then inflated (Fig. 3) and the chest closed. The animals 
received preoperative and postoperative antibiotics. No heparin was used, other 
than as mentioned above. 

Following surgery, the animals were evaluated by physical examination 
of the chest, weekly bronchoscopy for the study of the bronchial anastomosis, 
and frequent roentgen examinations of the chest. 

RESULTS 

I. Autogenous Rei'iwpluntation .—^We have one dog nnth a successful autog¬ 
enous reimplantation of the left lung. The dog is now Ihdng and well, more 
than one year following surgery, and the reimplanted lung is apparently 
normal by all studies. Bronchoscopy, one year after surgery, reveals a well- 
healed area of bronchial anastomosis with no evidence of stenosis hj^ scar con¬ 
tracture. Periodic hronchoscopy'^ revealed the sutures being removed, until 
now they are all gone and the area is completely healed. Ventilation as observed 
through the bronchoscope and by auscultation of the chest is normal. Koentgen 
examination of the chest (Fig. 4) reveals the left lung expanded and aerated, 
although there is some letraetion of the mediastinum to the operative side. 



Fig 5—Bronchospirometiy tracings with the I^^orns catheter in the right mam bronchus, 
and the trachea, the difference represents ventilation and oxygen utilization b 3 the left 
reimplanted lung six weeks following surgery^ 


Differential oxygen utilization by bronchospirometry, performed six weelts 
after surgery, revealed a tidal exchange of 108 c.c. w'ith 58 c.c. on the right 
and 166 c.c. on the left. The bronchospirometry was performed by use of a 
Norris catheter placed in the right main bronchus and then in the trachea, the 
position being checked by fliroroscopy. We realize that these figures may not be 
entirely accurate, due to the possibility of the upper lobe bronchus on the right 
being occluded, but observation of the tracing leaves no doubt as to ventilation 
and oxygen utilization being carried out on the left (reimplantation) side 
(Fig. 5). 

II. Homologous Transplantation .—We have performed tv'cnty-five homol¬ 
ogous hmg transplantations. Although none of the experiments were successful, 
several Avere interesting and difficult to explain, due to the results. Table 
summarizes the group of experiments. The average length of survival for the 
entire group Avas nine days HoweAmr, ACTH, 20 mg per day, aa^s use in 
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Table I. Homologocs LrxG Tkaxsplaxtation- 


1 

>:o. 

SrKVIVAIi 1 
IX DATS 

C-VVSE OF DEATH 

MAJOR FIXDrXGS 

1 

n 

0 

1 

Hemorrhage 

Tension pnenmothorax 

Small leak in bronchial anas¬ 
tomosis 

o 

1 

Hemorrhage 

Lung solid 




Lung solid 

5 



Lung solid 

6 



Lung solid 

i 



Lung solid: venous thrombosis 




Lung solid 

10 

11 

12 

13 

r» 

o 

o 

4: 

9 

Tension pneumoiborox 

Slough of bronchus 

Lung solid 

Lung solid; slough of bronchus 
Lung solid: thrombosis of 


auricle 

14 

15 

0 

1 

Spontaneous penumotliorax 
Pulmonary edema 

Slongh of bronchus 

Pulmonary edema of trans- 


planted lung 

16 

17 



Lung solid 


Tension pneumothorax 

Slough of bronchus 

IS’ 

27 

Distemper 

Bilateral areas of pneumonia, 


otherwise normal 

19 

10 


Lung solid 

20 

17 


Lung solid 

21t 

i 


Lung solid 

904'* 

42 

Pneumonectomy of trans¬ 
planted lung' (dog living) 

Atelectasis: bronchostenosis 

Lung solid 

23tt 

10 

24t 

2S 


Lung solid 

25t 

19 


Lung solid 


♦Tbese experiments are described In the text. 

fDesensitjzatioa •«rith antigrea prepared from Uie donor do?*s contralateral lung^ "vras used 
in experiments 2i and 23. 

tACTH, 20 m?. per day, was used in experiments 22, 23, 24, and 25. 

foiu' of the experiments, and iu these the survival period was twenty-five days, 
in contrast to a sru-mval period of only six days in the experiments without 
ACTH. 

All of the animals were iu excellent health, and had received penicillin for 
forty-eight hoims before siu'gery. Animals comparable in size were used. In 
some of the experiments, litter mates were used, hut no difference in stuwival 
time was noted. All animals received streptomycin for five fnll days foUotving 
sm-gery; penicHlm was given daily until the animals expired. 

With the exception of the two experiments to he described, the clmical 
course followed a consistent pattern. The animals appeared in excellent condi¬ 
tion. The day following surgery, they would di’iuk liquids, eat, and were quite 
willing to walk on a leash. There was ventilation, as emdeneed by auscultation 
and roentgen examination of the lungs. Bronchoscopy, early, revealed a patent 
bronchus and ventilation. The animals appeared healthy, and the Innn ap¬ 
parently Avas functioning for about haK of the suiwival period. Then the animals 
became listless, refused to eat. and finally died. With the evidence of clinical 
deterioration, there was also evidence of lack of aeration by ansenltation and 
roentgen examination (Fig. 6). Bronchoscopy at tliis time nsnaUy revealed 
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extrinsic compression of the bronchus beyond tlie suture line, and the bronchus 
was usually filled with bloody, necrotic debris. Occasionally, a slough of the 
bi’onchial anastomotic area was observed. 

Examination of the thoracic viscera, following death of the animals, revealed 
rather consistent findings. The transplanted lung was grossly enlarged in size 
and weight; it was very dark red and appeared solid on palpation (Pig. 7). On 
cutting, it appeared as a mass of necrotic tissue. There was no gross pattern 
consistent with pulmonary tissue. Although the lungs appeared necrotic, some 
of the specimens which survived longer, and especially those in which ACTH 
was used, appeared more solid and firm in contrast to the extremelj' friable 
specimens of short-tem survival. 



Fig, G.—Roentgen examination £ono\YinB homologous left lung transplant to demonstrate 
characteristic finding after the animal develops lack of aeration. 

There was gross evidence of bronchial slough in four specimens; the slough 
did not appear to involve the entire thickness of the bronchial wall, but was 
usually confined to the mneosa. However, of these four with evidence o 
bronchial slough, three expired clue to tension pneumothorax, hlost of the speci¬ 
mens revealed thrombosis of the smaller, peripheral pulmonary veins, u 
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Fiff 7 —Pliotograph of thoracic viscera showing characteristic findings in the homologous 
transplanted left lung The lung is large, dark red, and solid. 



* 'r 

----..JlM 

Fig 8—Photomicrograph oI a section from a homologous lung transniont =i,„, 

fintlings (See^te's.t ) transplant, shoiMn^ character- 
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thrombosis of the auricular auastoiuotic suture line was present in only two 
specimens. No thrombosis of the pulmonary artery oecurred. The bronchus Avas 
usually almost completely compressed due to extrinsic compression by the 
enlarged solid lung, and the bronchial lumen throughout the lung ivas filled Anth 
necrotic debris. The animal’s oaa’u lung AA'as usually normal, although oc¬ 
casionally small areas of bronchopneumonia AA’cre obserA'ed. None of the animals 
deA’eloped an empyema or AA-ound infection. 

Microscopic examination (Fig. 8) of the transplanted lung usually reA’Caled 
consolidation due to filling of the ah’coli AAuth erythrocytes and pol 3 'morphonu- 
clear leukoc.Ades. Most of the lung tissue had undergone necrosis. In the larger 
A’eins of the lungs, reeentlj* formed thrombi AA'cre seen made up of fibrin, 
platelets, erA-throe.A’tes, and a fcAv leukoc.A’tes. Throughout the lung there Avas 
a diffuse pol.A'morphonuelear leukocj'tie infiltration, most marked about the 
smaller and medium-sized blood a'CsscIs. Examination of sections through the 
bronchus at the point of anastomosis rcA-ealed no cellular reaction at the site 
of the suture material. 

Desensitizafion .— In tA\‘o expcidmcnts, aa'c tried desensitization of the re¬ 
cipient animal b.A' use of an antigen prepared from the donor animal’s contra¬ 
lateral lung.*' A right lobectonij- Avas performed on the donor animal, and a 
sterile preparation of lung tissue antigen Avas ])reparcd. Although the strength 
of the antigen A\’as unknOA\m, it Avas giA'cn to the recipient in increasing doses, 
subeutancouslA', starting AA’ith 0.2 c.e. and increasing to 0.5 c.c. on the seA’cnteenth, 
fifteenth, tAvelfth, eighth, fifth, and last daj's before transplantation. On the 
basis of sensitization studies in rabbits, this should produce sensitiA’ity and anti- 
bod.A' formation. After transplantation, in an attempt to block ncAV-formcd anti¬ 
bodies, the antigen AA-as continued; 0.5 c.c. aa’Os administered CA’crj' three daj’s, 
until the animal expired. This Avas onlj’- used in tAvo experiments. The survival 
in one, Avithout supplemental ACTII, Avas four da.A-s; in the other, Avith ACTII, 
the survival Avas ten days. Although statistically of no significance, the antigen, 
as used, appeared to be of no A-alue. The patholog,v of the specimens did not 
reveal anj" differences from the ones in Avhich antigen Avas not used. 

ACTII. — In an attempt to diminish or, perhaps, prevent the development 
of sensitivitj^ in the recipient animal, Ave administered ACTII to four animals 
folloAving transplantation. We used 20 mg. per daj^ in tAvo divided doses; this 
was continued as long as the animals surviA'ed. It is of interest to note that 
the aA’erage surviA'al time in these four experiments Avas tAA’cnt^'-five daj'S, in 
contrast to onlj' six days in those experiments in Avhich ACTH Avas not used. 
In addition, the animals receiA’ing ACTH had an improA'cd clinical coAirse 
folloAA'ing surgei'A', as eAudenced bj' an increase in appetite; the.v engaged in 
more activity, and the length of time the transplanted lung apparcntlj' func¬ 
tioned Avas more than half the period of survival, as usuallj' found in other 
animals. MoreoA'er, once the transplanted lung developed lack of aeration, the 
animals continued to be active and appeared Avell until one or tAVO days before 


•The antigen Avas prepared by Dr. AV. L. Gaby, of tlic Department of Bacterlolofrj- 
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death. Although the sm-vival period was increased, the pathology of the speci¬ 
mens did not appear different from those animals not receiving ACTH. 

ExPEEtsiEST IS.—THs espermient -vras interesting and difficult to explain due to the 
results. Homolosous left lung transplantation was performed and the animal received the 
usual antihiotics^postoperatively, Xo ACTH was used. Hollowing surgery, the animal ap¬ 
peared to he in excellent health and the lung appeared to fimction. On the seventh day after 
surgery, bronchoscopy revealed the site of anastomosis to be healed except for a few small 
areas of granulation tissue. The animal continued in good health, and bronchoscopy seventeen 
davs after surgery revealed only a minimum of contracture at the site of anastomosis. 



(all of the animals are laccmated for distemper on admission), and consultation with a 
vote^anan was obtained. The animal was treated with anticanine distemper .emm and re 
ceived pamnteral fluids (aU antibiotics had been maintained since sur^er^l Z , Z 





THE JOURNAL OF THORACIC SURGERY 



Fig. 10.—Roentgen cxaininntion of tliorncic vlscein, shown in Fig. 9. 


“■ ' V * /V (i, • , \‘a ♦». >: '* , 
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11 ,—Pliotomicrogrfiph of the transplanted liinsr. fSeo Fii:s. 9 and 10.) 
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Exammation of the thoracic viscera re^ealed the tistempert’ br\rtrlns- 

bronchopneumonia (this could easily be a “I normal (Rg 9). Boentgen esanii- 

plauted lung ..as aerated, soft, crepitaut, and appeared 

L«» .< .1. »■••“ 

sr. s :.Ve*™rrr .»«, -»« 

thetmiua of the small bronchi, infiltrating their .vails, and extending into adjacent alveoli. 



PiE- 12—Roentg'en examination three ..eeks follotving left homologous lung transplantation. 

(Experiment 22.) 

There .vere focal areas in .vhich the lung vras atelectatic, and it may he noted that the tissue 
was well preserved and there was no e.ddence of necrosis. The blood vessels were not re¬ 
markable, with the c.\ception of a few recently formed thrombi which were seen in small 
veins. The mesotheVial cells of the pleura were prominent; however, this tissue was not 
othern-ise remarkahle. Most of the capillaries and smaller vessels of the lung were engorged 
with erythrocytes, and ia some areas there was pink edema fluid in tlie alveoli. 

Wc arc unable to explain the apparent success in this experiment, although the animal 
died, due to the complications, apparently, of distemper. The lung, by gross and microscopic 
examination, appeared to be living and functioning until death. The only explanation we 
can offer is that tlic state of “tissue sensitivity” had not yet had time to develop and pro¬ 
duce the characteristic clianges. ^ 
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Experlment 22.—In this experiment, the animal received ACTH in addition to the asua! 
postoperative care. The animal a as unusually active, and appeared healthy, and roentgen 
examination of the chest revealed an aerated left lung- (Eig-. 12). Sepeated bronchoscopy 
revealed good healing and no contracture at the site of anastomosis. Hoiverer four nceks 
following surgery, the animal developed a few tlirombi throughout the transplanted lung, 
and bronchoscopy revealed clear secretions and rather friable granulation tissue at the site 
of bronchial anastomosis. Breath sounds after bronchoscopy were excellent. Although the 
lung appeared aerated by roentgen e.\amination for four neeks, on the thirty-first day after 
surgery, the lung was atelectatic. Bronchoscopy at this time revealed almost complete stenosis 



Fig-. 13.—Surgical specimen pneumonectomy forty-two days foUoiMne homologous long trans¬ 
plantation. Grossly, the lung was atelectatic, but otherwise normal. (Experiment 


of the bronchus by granulation tissue at the site of bronchial anastomosis. Severn! attempts 
were made at bronchial dilatation without success, and on the forty second day following 
transplantation, an exploiatory thoracotomy was peiformed. It was our hope to resect the 
area of obstruction and repair it witli a dermal graft, after the method of Gehauer.s On 
exploration, the lung had tlie appearance of atelectasis, hut was otherwise normal. The 
bronchus, on mobilization, appeared stenosed from the site of previous anastomosis near the 
Carina, and the stenosis extended beyond the hilum into the branch bronchi. Due to the 
findings, the transplanted lung was removed. The animal made an uneventful recovery. 

The surgical specimen was atelectatic, but otherwise normal (Big- IS)- No thrombosis 
of the vessels was found. The main bronchus and the beginning of the branch bronchi lia 
apparently developed a slough of the mucosa and part of tiie submucosa, and the resulting 
granulation and contractuie produced complete stenosis. Distal to the stenosis, the rone i 
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^^e^e filled with clear, mucoid exudate, but were otherwise normal. Microscopic examination 
of sections through the main bronchus revealed severe distortion duo to scarring and foci 
of granulation tissue with necrosis, capiUarj- ingrowth, fibroblastic proliferation, and infiltra¬ 
tion by lymphocytes and a few eosinophils. Occasional bits of suture material wore present 
within the granulomatous foci. The walls of the small and medium-sized arteries revealed 
muscular thickening. Other large bronchi were diffusely infiltrated by polymorphonuclear 
leukocytes and contained similar exudate within their lumina. There was an acute lobular 
pneumonia present, and in some areas focal collections of lymphocytes wore seen, particularly 
near the walls of small bronchi. In many sections of the lung there was atelectasis and 
occasional alveoli contained pink edema fluid. In many areas collections of polymorphonuclear 
neutropliils appeared to be localized just beneath the pleura. The blood vessels were not 
remarkable. Many sections of lung were nninvolved bv inflammatorv or mechanical cliansre 
(Fig. 14). 

COJIJIENTS 

The successful autogenous reimplantation of the left lung, now followed 
for one jmar, demonstrates that teehnieally tlie transplantation of lungs is 
feasible. However, homologous transplantation has not been successful, clue to, 
perhaps, for want of a better term, the production of tissue sensitivity in the 
receipient with resultant death of the donor tissue. The course of events follow¬ 
ing the transplantation of the lungs was similar to that in homologous shin 
grafts. In the only other report we could find, concerning transplantation of 
lungs from one dog to another, Standachcr, Bellinazzn, and Pulin' had an 
average survival period of six to eiglit days. In their experiments nonsnture 
anastomosis was used since preliminary experiments with suture technique had 
all failed due to thrombosis. Our average survival period was nine days; how¬ 
ever, it was six days among the animals that did not receive ACTH and the 
average survival period Avas extended to tAventy-five days among those animals 
receiving ACTH Also, all of onr experiments Avere performed using suture 
anastomotic technique, and AA'ithout auticogulants postoperatively. Of the 
tAAmnty-fiA'e homologous ti'ansplantations, thi'ombosis of the suture line in the 
auricular anastomosis occurred in only tAA'o; there aa'os no instance of throm¬ 
bosis in the pulmonary artery anastomoses. In tAvo experiments Ave obtained 
satisfactory results as far as the life of the donor lung Avas concerned. In one, 
the animal died tAventy-seven days after surgery due to distemper, and the lung 
appeared normal; in the second, atelectasis deA'eloped due to bronchostenosis 
foUoAAung slough of the bronchus Avith formation of granulation tissue and scar 
contracture. Pneumonectomy forty-tAVO days after transplantation rcA’caled 
only atelectasis of the transplanted lung. 

The problem of bronchial slough is undoubtedly related to lack of an 
adequate blood supply, due to loss of the bronchial artery folloAving dissection 
and transection of the common bronchus. Ellis, Grindlay, and EdAvards- state 
that slough Avill ahvaj's follow loss of the bronchial arterial supply. no'™A-er, 
although this is an important problem should transplantation become clnucally 
feasible, it is not insurmountable. IMany of onr animals did not develop sloug i 
as evidenced by periodic bronchoscopy and examination of the post-mortem 
specimens. Also, there has been no difficulty obseiwed in our animal having an 
autogenous reimplantation during the one year foUoAving surgery. 
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The problem at the present time mould seem to be that of homologous 
transfer of any tissue. The problem is being studied by many investigators, and, 
although unsolved, it should be conquered by the combined efforts of im- 
mmologists and tissue culture morkers. 

STIMVIARV 

1. "We have presented our teclmique for experimental transplantation of 
lungs in dogs. 

2. A successful autogenous reimplantation foUomed for one year is reported. 
All studies on this animal are normal. 

3. Twenty-five homologous, left lung transplants mere performed mith an 
average survival time of nine days. The average survival time mithout the use 
of AGTH mas six days; mith AGTH it mas tmenty-five days. 

4. Desensitization, by the use of antigen prepared from the donor animal’s 
contralateral lung mas used in two experiments, mithout any evidence of benefit. 

5. Details of the clinical course and pathology of the usual ease are 
described. 

6. Details of tmo cases mith apparent success are presented. In one, the 
animal died after tmenty-seven days due to distemper, bnt the transplanted 
lung mas apparently normal. In the other, atelectasis developed after four 
meelis due to bronchostenosis; pneumonectomy on the forty-second day after 
transplantation revealed atelectasis and bronchostenosis, and an othermise 
normal lung. The only explanation me can offer for the apparent success in these 
tmo experiments is that the so-called state of tissue sensitivity had not yet had 
time to develop. 
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EESECTION OP AN ACQUIBED COAECTATION OP THE LOW 
THOEACIC AOETA AND EEPLACEMENT WITH A PEBSEE^HJD 

VESSEL GBAFT 

Ealph a. Deterlixg, Jr., M.D.’^ 

New York, N. Y. 

T he coarctation commonly treated by surgerj" occurs as a congenital 
anomaly immediately below the origin of the left subclavian artery. 
However, in the case being reported, a coarctation whicli was thought to be 
acquired was located 6 cm. above the diaphragm. An obliterated left svib- 
clavian artery was also found. The stenotic aortic segment was successfully 
treated by resection and implantation of a preserved human homograft. The 
fii’st report of a coarctation located near the diaphragm was made in 1835 by 
Schlesinger,^ and less than a dozen cases have been described since that time. 

case report 

E. E., 905357, a 23-j-ear-old Puerto Bican single woman, was seen in the outpatient 
clinic at Presbj-terian Hospital in September, 194S. She complained of nausea and 
epigastric discomfort of two years’ duration. During the previous year she noticed occa¬ 
sional pains radiating around the left costal margin, which seemed to be worse after eating. 
In the few months before examination, she experienced palpitation, headaches, and dyspnea 
when walking up two flights of stairs. 

The physical examination revealed a small, slender, young woman in no distress. 
She had normal fundi, no unusual pulsations in the neck vessels, and the thyroid gland 
was of normal size. The lungs were clear and the heart was not enlarged. A systolic mur¬ 
mur Was heard only at the apex. The pulse rate was regular at SO beats per minute. 
The blood pressure was 140/SO mm. of mercury in both arms. The abdomen was negative. 
Pemoral and dorsalis pedis pulses were palpable but weak, and her feet were cold. Labora¬ 
tory reports of hemoglobin, sedimentation rate, urinalysis, serology, chest film and fluoros¬ 
copy, cholecystogram, and gastrointestinal series were normal. Escherichia coU cysts 
were found in the stool. The sj-mptoms abated witli low dosage of phenobarbital and re¬ 
assurance. 

She returned in December, 1949, feeling weak. Again, except for a mild anemia and 
Escherichia coU cysts in the stool, the complete examination was not remarkable. The patient 
presented no complaints on a return visit in January, 1950. 

On Oct. 26, 1951, she was referred by the Union Health Center with the diagnosis of 
coarctation of the aorta. At this time there was a blood pressure of 190/100 mm. of mercury 
in the right arm, and 130/95 in the left arm, and a marked difference in radial pulses was 
noted. The dorsalis pedis pulses were absent. These findings were further confirmed during 
a complete work-up in November, 1951. A systolic murmur was heard over the preeordium, 
maximal over the aortic and mitral areas. Again a normal serologj-, sedimentation rate, 
and urinalysis were recorded. Slight anemia persisted. The chest film was still negative 

(Fig. 1). 

On Nov. 12, 1951 she was admitted to the medical service. Eepeatcd determinations 
of blood pressure in the arms revealed readings of 200/85 on the right and 120/90 on the left 
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EESECTION OF AX ACQUIRED COARCTATION OF THE LOW 
THORACIC AORTA AND REPLACEMENT WITH A PRESERVED 

VESSEL GRAFT 

R \x,PH A Deteruxg, Jr , 31 D ' 

A'ew York, A' Y 

T he coarctation commoii]y heated hy smgeiy occius as a congenital 
anomaly immediately below the origin of the left subclavian aiteij*. 
However, in the case being lepoited a coaictation which was thought to be 
acquiied was located 6 cm aboie the diaphiagm An obliteiated left sub¬ 
clavian arteiy vas also found The stenotic aoitic segment uas successfully 
treated bj^ resection and implantation of a preseiied human homogiaft The 
first leport of a coaictation located near the diaphiagm was made in 1835 by 
Schlesingei,^ and less than a dozen cases have been described since that time. 

CISC report 

E. E, 905357, a 23}earold Pueito Bican single -noman, vas seen in the outpatient 
clinic at Presbtterian Hospital in September, 19iS She complained of nausea and 
epigastiic discomfort of tno iears’ duiation During the pieiious le.ir she noticed occa 
sional pains radiating aiound the left co«tal margin, irhich seemed to be noise after eating 
In the few months before evamination, she experienced palpitation, headaclies, and dispnea 
when walking up two flights of stairs 

The plnsical examination leiealed a small, slender, joung voman in no distress. 
She had normal fundi, no unusual pulsations in the neck i essels, and the thyroid gland 
was of normal size The lungs vere clear and the heart was not enlaiged A sjstolic mur 
mur was heard onlj at the apex The pulse rate nas regulai at SO beats per minute 
The blood pressure was 140/SO mm of mercurj in both arras The abdomen was negative 
Femoral and dorsalis pedis pulses vere palpable but weak, and her feet vere cold Labora 
tory reports of hemoglobin, sedimentation rate, unnaljsis, serolog}, chest dim and fluoros 
copy, cholecj stogram, and gastrointestinal series were normal Esclienchxa colt cjsts 
were found in the stool. The s^tmiptonis abated with Ion dosage of phenobarbital and re 
assurance 

She returned in December, 1949, feeling weak Again, except for a mild anemia and 
Esclienclixa coh cjsts in the stool, the complete examination nas not reniaikable The patient 
presented no complaints on a return visit in Januarj, 1950 

On Oct. 26, 1951, she nas ref cried bj the Union Health Center mth the diagnosis of 
coarctation of the aorta At this time there nas a blood pressure of 190/100 mm of mercur) 
in the right arm, and 130/95 in the left aim, and a marked difference in ladial pulses was 
noted The dorsalis pedis pulses were absent These findings nere further confirmed during 
a complete work up in November, 1951 A systolic murmui was heard over the precordium, 
maximal over the aortic and mitral areas Again a normal seiologr, sedimentation rate, 
and urmalysis were recorded. Slight anemia persisted The chest film was still negative 
(Pig. 1). 

On Nov. 12, 1951 she was admitted to the medical service Repeated determinations 
of blood pressure in the arms revealed readings of 200/85 on the right and 120/90 on the left 
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A linear fracture of tlic aorta ^va^ noted avhere tUe vuoxunal clamp md been placed 
E t no leZ-c olvured S%lvt transient bleeding avas observed at tbc anasto.noses. 

^ hemostasis. A drarnagc ua,e avas 

tlaceriaterl iv tbrou^b tUe niutb intercostal space, and idd.dtid nnrts of pcnrcdUn eyas 
plmrral space. A total of l.-ddO c.c. of .bole blood .as .even dnr.n. 

operation. 
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c. 


pjg 4,—Intra-arterial pre^ssure tracings from the brachial and femoral arteries. A, Ce- 
totc operation. B, Tmmeai'ately after resiorinir aortic blood flow throu5*h the strait C. Elec- 
ti'ocardiogrram and femoral arterial pressure obtained three weeks after operation. Isote the 
dicrotic notch. 



Fi^. 5.—Gross specimen reveals a valvelike stricture close to the left ed^e 
calcification in the proximal aorta, siiown at riRht. 


Note the marked 


The excised segment reveuled a gradual narroning to a midpoint at which there teas 
a localized stenosis, almost resembling a valve. The adventitia was thiclcened, as was the 
Ultima. There was moderately severe calcific degeneration of the media in the few centi¬ 
meters proximal to the point of maximal narrowing. This was not observed distallv 
except for a 2 mm. plaque (Fig. 5). The microscopic picture revealed marked tliickenincr of 
the inUma. The media had areas suggesting edema; in addition, there was spottv'cal- 
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side. Electioeardiogiam sl^o^^ed only left axis deviation. A Nickerson ballistocardiogram on 
Nov. 16, 1951, demonstrated small K waves, very suggesthe of coarctation. Tlie chest film 
was normal in all respects and laminograms added no further information. She nas trans¬ 
ferred to tile Surgical Service on Nov. 16, 1951. Blood volume, hematocrit, and blood urea 
nitrogen were in the normal range. On Nov. 19, 1951, angiocardiograpliy nas performed. 
An elongated narromng of the aorta, 9 cm. in lengtli, was seen opposite T 9 and T 10 (Fig. 
2). Tlie left subclavian artery was not visualized. The patient noted anginal discomfort 
during the next five days. 

On Nov. 30, 1951, thoracotomy through the seventh rib bed was performed, under intra¬ 
tracheal ether anesthesia. The long nai rowed segment of thoiacic aorta uas found just above 
the diaphragm, as visualized (Fig. 3, A). The pleuia overlying this segment was thickened 
and very adheient to the adventitia of the aorta. No other evidence of pleuritis or of pul¬ 
monary inflammation vas obseived. The entire intrathoracic portion of the left subclavian 
artery was obliterated, and appeared to be a fibrous cotd, 0.5 cm. in diameter. Tlie upper 
thoracic aorta, left common carotid, and internal mammary arteries were normal. The inter¬ 
costal arteries weie normal except two pairs distal to the point of maximal nairowing. These 
were dilated to twice normal size. Systolic thrill was easily discerned in the few centimeters 
distal to the nairowest point. A segment of low thoracic aorta, including the 9 cm. nairowed 
zone, was mobilized by reflecting the pleuia and dividing five sets of intercostal aiteries. 





A. B. 

Fi^. 3.—A, Operative exposure of the narrowed segment. Tlie site of maximal constric¬ 
tion can be seen at the extreme riglit. £, Preserved human iiomograft replacing: the long 
narrowed aortic segment. 

Straight Potts coarctation clamps were applied 1.5 cm. above and below the narrowed 
segment. This portion was then resected in its entirety and a perfectly matching homo 
igraft, 8 cm. in length, was implanted (Fig. 3, B). Marked irregular, iutimal tliickening o 
the adjacent aorta was seen at the cut ends. A continuous over-and-over suture of 00000 
Deknatel silk was used between equidistant tiaction sutures, for each anastomosis. The 
clamps were removed after thirty-six minutes of oecliision. Blood flow through the graf 
was excellent despite slight but unavoidable constriction at the proximal suture lino. 
Continuous lecordings of intra-arterial brachial and femoral piessures were made during 
operation,2 and revealed a marked improvement in caidiovascular dynamics uhen aortic 
blood flow was restored (Fig. 4). 
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cification and a patchy disiuption of the elastic fibers. There was moderate thickening of 
the adventitia from thick hyaline collagen fibers. Throughout the wall, there were peri¬ 
vascular accumulations of round cells (Fig. G, a, h, and c). 

Because ot the aortic degeneration and the long length of the graft, 35 mg. of 
heparin was administered subcutaneously every- three hours, beginning six hours after 
the operation. The condition of the patient was excellent until the morning of the fourth 
day, Dec. 4, 1951. At 7:30 a.m., she noted pain in the left chest posteriorly and felt faint. 
The blood pressure fell to 110/50 nun. mercury and the pulse rate rose to 140 per minute- 
A moderately rapid administration of 500 c.c. of blood intiavenously restored blood pies- 
sure to 130/80 and the pulse rate to 110 per minute. Anticoagulation was stopped im- 
mediatelv and a chest film revealed niodeiate left hemothorax. During the next day-, the 
hemothorax incieased but \ital signs neie good. Aspiration uas unsuccessful. Eegression 
of the hemothorax was observed during the next tno weeks, and the patient was allowed 
to walk on Dec. 20, 1951, Electiocaidiogiam was noimal and the ballistocardiogiam 
showed improvement, Mith increased K naves. 



Eig. s. 0 , Pernascular round-cell infiltration m the outer adventitial layer. X400, hematoxylin 

and firtctn ctair* “ " 


Because of recurrence of epigastric pain and nausea, study of the digestive tract 

fa'll undertaken. The gastrointestinal series v. as negative, but the gall bladder 

Banth-n” ^ p''' function. The patient’s symptoms were improved on a low fat diet and 

pWed tSTu' t resolution of the hemothorax, decortication was not 

Lht arm Jnd i '^’^'I'arged Jan. 7, 1952, with a blood pressure of 120/80 in the 

right arm and palpable dorsalis pedis pulses. 

for ThlV!.f ’ preeoxdial pain and was admitted again briefly 

for study. The electrocardiogram was normal, and the chest film showed further 
tron of the hemothorax. The sedimentation rate was slightlv elevated but hi / u 

::: -s -r 
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located just above tlie diaphragm and restored continuity with a preserved 
aortic homograft. There was also a large aneurysm located proximal to the 
stenosis. Glenn and his associates' had a patient ^lith a long stenosis involv¬ 
ing the low thoracic and upper abdominal aorta. Because of its length and 
location, an ingenious aindliary by-pass was effected by means of the splenic 


artery. it i <= 

Other reports of similar cases include those of Schlesingerd llasler,- 

Sehleckat,® and Freeman and Ms co-workers.^® The latter \'isnalized the lesion 
in a 14-year-old girl, but because of its length and location, they remarked that 
she had been spared an unnecessary exploration. Since a graft was not 
available, surgical correction would have been impossible. The value of 
preoperative visualization in planning surgery of such a lesion v as fiirthei 
borne out in the unfortunate case of Oliin.^ AVe do not advocate angiographj 
in all typical eases of coarctation, but if there are any atypical findings, 
I'isualization should be performed. A suitable aoidie grafF^ is always avail¬ 
able during all of our operations for coarctation. Such a precaution will 
prepare the surgeon for most eventualities, although in the case of Glenn and 
his associates' the lengthy stenosis in the region of the eoeliae axis did not 
permit the use of a graft. 

The gi’aft employed in our patient was removed twelve days previously 
under sterile conditions from a 30-year-old man who died from trauma. It 
was one of several used uith satisfactory results after hamng been obtained 
a considerable time beyond the usual .six-hour limit and preserved at 4:° C. 
in Hank's solution aud 10 per cent seinm. A discussion of the use of these 
grafts and proposed modifications of criteria governing acceptability of 
vessel grafts will be reported sepai’ately.’-' 

The use of anticoagulant drugs rvith aortic grafts has been studied experi¬ 
mentally.^*’ A decrease in the number of occlusions by thrombosis in cer¬ 
tain aortic grafts implanted into the abdominal aorta of dogs was noted. 
lYe previously used heparin after implanting a graft in the thoracic aorta of 
a IT-year-old boy rvith coarctation, but have not done so in three other siiuilar 
cases. In the patient being reported, heparin was used because of the location 
and length of the graft, and because of the calcific degeneration of the 
adjacent aorta. Also, a greater than usual amount of silk suture was present 
in the aortic lumen with the simple continuous anastomosis. The drug was 
begun six hours postox)eratively. by which time the sealing thrombus should 
have formed at the suture lines. The hemothorax which occurred on the 
foiu’th day after operation presumably was not caused by heparin, since the 
bleeding was short lived, localized, and attended by chest pain. The ty^je of 
paui suggested dissection through innei-vated aorta, and the fracture line 
previonsly noted at the site of the proximal clamp seemed the most likely 
site for the bleeding. Hemorrhage of almost fatal degree occurred from this 
same cause in another adult patient with aortic degeneraGon proximal to a 
coaratation. In that patient, a o mm. crack in the aortic arch was repaired 
d^ massive uitra-aortic transfn.sion. .So in this case, since the suture lines 
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pable pulses iu the distal extremities. A roentgenogram of the chest in March, i.OSi, revealed 
complete resolution of the hemothorax (Fig. 7). She remained inthout sjanptoms and had 
mairied by the time of her next visit in Februarj-, 1933, fifteen months folloning the operation. 



"•—Chest film obtained about three months after left hemothoiax occurred. Note the 
coniDlctc spontaneous resolution of this process. 

DISCUSSION 

surgical repair of coarctation occurring in the usual site is im 
longer considered rare, only five Ofieratcd cases tvitli stenosis situated just 
above the diaphragm have been noted in the literature. Oliiii^ explored a 
20-year-old ivoman with the clinical diagnosis of coarctation. Because his 
approach was through the fourth interspace, another ojieration had to he 
performed to permit better exposure of the stenosis which Avas situated 5.0 
cm. aboA'e the diaphragm. Although an aortic segment only 1.7 cm. Avas 
excised, end-to-end repair Avas impossible. Before an iliac A^ein graft could 
be obtained, the patient’s condition became critical and operation had to be 
abandoned. This patient died five hours later. Bahnson and his co-Avorkers^ 
reported the case of a 17-year-old girl avIio had a long narroAV stenosis in the 
mid-descending thoracic aorta. Because a graft Avas not available, resection 
Avas not feasible. Instead, a Ioav dorsal sympathectomy Avas carried out Avith 
a resultant loAvering of the brachial blood pressure. Beattie and his asso¬ 
ciates® reported a 19-year-old Avoman in Avhom the narroAving Avas 6.5 cm. 
long and Avas situated exactly Avhere the lesion Avas in our patient. The long 
naiTOAV segment Avas resected, and a 7 cm., 23-day-old graft Avas implanted. 
The results AA-^ere highlj- successful. Our surgical approach Avas identical and 
the end-result has been veiw satisfactoiy. Brock® resected a coarctation 
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The ease of a 23-year-old girl ivith a long coarctation of the low thoracic 
aorta is presented. A 9 cm. segment Avas excised and replaced by an 8 cm. 
preserved aortic homograft. An obliterated left subclavian artery Avas also 
found. A left hemothorax occurring on the fourth postoperative day Avas 
believed to be due to a leak from an aortic fracture caused by the proximal 
aortic clamp. The end result Avas quite satisfactory Avith complete resolution 
of the hemothorax, and normal brachial blood pressure and blood floAv to 
distal extremities. The character and site of the lesion, as Avell as the medical 
history, support the theory that she had an acquired coarctation. 

The author acknourledges the assistance of Dr. Joseph Ford, Dr. F. F. AIcAlHster, 
Dr. G. H. Humphrevs, and Dr. Eaffaeie Lattes in the documentation of this case. 


references 


1. Schlesinger: Alerkmirdige A'erschliessong der Aorta, Casper's AVchnsclir. f.d. ges. 

Heilk. No. 31, p. 489, 1835. 

2. Fitzpatrick, H. F., AVeissman, S. G.. Deterling, B. A., Papper, E. M., Blakeiuore, A., 

and Humphrevs, G. H.: Observations on Alterations in Cardiovascular Dynainics 
Resulting From Surgical Procedures on the Heart and Great A'essels in Man, Surgical 
Forum, Philadelphia, 1932, AV. B. Saunders Company, pp. 262-269. 

3. Olim, C. B.: Coarctation of the Aorta at the Level of the Diaphragm, Ann. Surg. 

130; 1091, 1941. 

4. Bahnson, H. T., Cooley, E. N., and Sloan, R. D.: Coarctation of the Aorta at Unusual 

Sites, Report of Ttvo Cases AVith Angiocardiographic and Operative Findings, 
Am. Heart J. 38: 905, 1949. 

5. Beattie, E. J., Cooke, F. X, Paul, J. S., and Orbison, J. A.: Coarctation of the Aorta 

at the Level of the Diaphragm Treated Successfully Al'ith a Preserved Human 
Blood A’essel Graft, J. Thofacic Scbg. 21: 506, 1951. 

6. Brock, E. C., and Graham, A. J. P.: Resection of Combined Aneurysm and Coarcta¬ 

tion of the Aorta AVith Insertion of a Homograft, Guv’s Hosp. Reports 101: 
270-213, 1952. 

7. Glenn, F., Keefer, E. B. C., Speer, D. D., and Dotter, C. T.: Coarctation of the Lower 

Thoracic and Abdominal Aorta Immediatelv Proximal to Coeliae Avis, Surg., 
Gynee. & Obst. 94: 561-569,1952. 

S. Easier, L. H.: Ueber eineu Fall von A'erschluss der Aorta an ungewohnter Stelle, 
Inaug. Diss., Borna-Leipsig, 1911,- E. Noske. (Cited by Bahnson, Coolev, and 
Sloan.-*) 

9. Scbleckat, O.: Angeborene rinformige Stenose der Aorta decendens in Zwerchfellhohe, 
Ztschr. f. Kreislaufforsch. 25: 417,1933. 

10. Freeman, X E., Miller, E. E., Stephens, H. B., and Hney, M. B.: Retrograde Arteriog¬ 

raphy in the Diagnosis of Cardiovascular Lesions; H. Coarctation of the Aorta 
Ann. Int. Med. 32: 827, 1950. 

11. Keefer. E. B. C., Andrus, AV. D., Glenn, P., Humphrevs, G. H., Lord, J. AV., Murphv, 

AV. B., and Touroff, A. S. AV.: The Blood A'essel Bank, J. A. M. A. 145: SSS-S93 


12. Dete^ng, E. A., Jr., Parshley, M. S., and Blunt, J. AV.: A Critical Study of Present 

Cntena Governing Selection of Blood A'essel Grafts, Surgerv 33: 213, 1953 

13. Keefer, E B. a, Glenn, F., Humphreys, G. H., Deterling, E. A., Jr., McAllister, F. F. 

Arterial Grafts Procured From Donors Between le’ 
30 Hours Host-jMortem. (To be publisbed.) 

14. eterlmg R. A., Jr., pieman, G. G.. Jr., and Parshley, 3J. S.: Experimental Studies of 

Homologous Aortic Graft, Surgery 29 : 419-440,1951 

15. Coleman, C. C., Jr., De^rUng, B. A., Jr., and Parshlev, M. S.: Experimental Studies of 

Preserved Aortic Homografts, Ann. Surg. 134: 868-877, 1951. ^ tnUies of 



2!)S 


THE JOURX-VL or THORACIC SURGERY 


were secure and tlie graft was in good condition, we must assume that the 
leak came from the fracture site. ^Vc plan angiography in the future to 
deteianinc ^cliether or not function of the graft has been altered and if any 
aneurysm has formed where the proximal clamp had been placed. 

Precordial pain or angina pectoris occurring in this patient M'as of some 
concern, since fatal myocardial infarction occurred six weeks after use ol an 
aortic graft in a 45-year-old man with coarctation. lie had had all the signs 
of adi'auced hypertension, with sclerosis of the proximal aorta. The fall in 
coronary perfusion pressure after removal of the coarctation may have been 
a major factor in the subsequent coronary occlusion. For this reason, we 
prescribed nitroglj’-eerin for this young woman. Fortunately, she has had no 
recurrence of angina since the single attack four weeks after the operation. 

TJic cause of the coarctation is most intriguing. Analysis of other re¬ 
ported eases indicates that jmung women were affected in all but one.“ The 
lesion ivas always an elongated narrondiig with marked periaortic fibrosis. 
In one young girl, there had been a cerebral embolus or thrombosis five years 
before,and in our patient there was an obliteration of the left subclavian 
artery. At repeated examinations of our patient from September, 1948, 
through January, 1950, there were noted equal pressures in both arms, pulses 
in the legs and feet, and absence of hypertension. Despite negative history 
of infection or significant illness, and repeated normal sedimentation rate 
and white cell count, there may have been a localized aortitis. It is question¬ 
able whether the epigastric discomfort and certain other vague complaints 
referable to the left lower chest prior to the initial visit can be taken to 
indicate that the active process had already occurred. At the patient's visit 
in October, 1951, hypertension in the right arm. diminished pulsation and 
pressure in the left arm, and an absence of pulses in the legs Avere noted for 
the first time. We suggest that the coarctation Avas an acquired condition, 
and Avonder if all those reported distal to the usual loosition might not have 
been acquired also. Hasler* held the same opinion, concluding that this lesion 
results from a localized inflammation and a stenosing organized thrombus. 
The rare occurrence of similar lesions of the aorta beloAV the diaphragm, also 
Avithout a basis related to embrylogic development, suppoi-t this theory. 

The specimen in our case revealed a thickening of the AvaU in the area of 
narroAving, and there Avas also a Amhmlike localized stenosis in the mid-portion. 
The pleura overljdng the adventitia Avas slightly thickened and very adherent, 
as is noted folloAving pleural inflammation. The microscopic picture of a 
thickened intimal zone, areas of degeneration in the elastic framcAvork of the 
media, and thickening of the adventitia. Avith hyaline collagenous fibers and 
accumulations of round cells about the vessels, have been noted occasionally 
in the congenital type, hoAVever. 

The concept of an acquired coarctation is presented in the hope that 
future cases may be investigated from this AdeAA^point. In the cases reported 
so far, the preAuous medical history Avas insufficient to determine the exact 
time of onset of signs of coarctation, although a late onset is suggested in t e 

case of Glenn.’' 
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beliiDa tbe origin of tbe right coronary artery. This suture is tied and taken 
out into the ahove-mentioned groove behind the dissected superior vena cava. 
Then another suture is anchored behind the inferior vena cava in the annulus 
fibrosis, tied, and carried out in the dissected groove.^ Then the two sutures 
can be tied together over a piece of fibrin foam in the dissected groove between 
the right and left auricle. As the sutures are dranui taut the interauricular 
defect is occluded without obstruction of pulmonary veins and venae cavae. 
Autopsy specimens from dogs (Sondergaard) clearly demonstrated the effect¬ 
iveness of the method in experimental animals. Husfeldt and Sondergaaid 
(1952) successfully applied the method on human beings. 

The important feature of this method is the dissection between the left 
and right auricle beginning between the pulmonary veins and the vena cava. 
This will exclude an obstruction of pulmonary veins and vena cava. How¬ 
ever, in patients nnth a very large atrial defect which is directly in continuity 
^vith the bicuspid and the tricuspid valves a complete closure of a septal open¬ 
ing cannot be obtained. 

4. These experimental methods were only used in dogs. Cohn, 1947, de¬ 
scribed a technique used on dogs in which the right auricular wall was pushed 
in to plug a septal opening and the inverted wall was sutured to the septum 
around the defect. The sutured part of the aui’icular wall was cut off by a 
wire snare and allowed to remain as a free patch over the defect. The hole in 
the auricular wall was closed by a running silk sirture placed beforehand. 

5. During 1948 Martin and Essex experimenting on dogs, introduced a 
sheet of polythene covered uith an inverted segment of vein into the right 
atrium over the defect. Three silk sutures uith straight needles attached to 
the graft were brought out of the right auricle at points in the plane of the 
atrial septrun. 

G. In 1949 Dodrill described a clamp by which the atrial walls could be 
approximated against the septum. Through the ring in the clamp the right 
auricular wall could be opened and a small defect sutured. 

These experimental methods worked out on dogs are limited by the fact 
that the atrial septal defects of a size to produce symptoms in man cannot be 
obtained in the experimental animal. Thus these methods are not applicable 
to patients, other than those Avith small defects. 

B. Closed Intracardiac Tactile Methods .— 

1. Bailey and his co-workers in 1952 introduced an intra-auricular tactile 
method for closure of the septal defect. A finger is inserted through the au¬ 
ricular appendage to guide the placement of sutures through the right atrial 
AvaU and the margin of the defect and again out through the atrial wall. Thus 
the lateral right auricular wall is attached to the septum at the periphery of 
the defect, pluggmg the hole. Six cases are reported, four Avith a successful 
outcome. However, a large defect Avithout a septal rim and in continuity with 
the bicuspid and tricuspid valves cannot be treated by this method for obstruc¬ 
tion of the vena cava or tricuspid A-ah'es may result. 


THE SURGICAL CLOSURE OF IKTERAURICULAR SEPTAL DEFECTS 

ViKixG Olov B joric, M.D., and Clarexce Crafoord, M.D. 

Stockholm, Swedex 

' I ’many dii¥ereiit surgical procedures that have been described for the 
A correction of interatrial septal defects indicates that so far none is entirelj" 
satisfactory. 

In this connnunication the principles for closure of interauricular septal 
defects null l)e discussed and a new method presented. 

EARLIER TECUXIQUES 

^1. Blind Methods .— 

1. In 1948 Hurray published an article describing a method of passing su¬ 
tures through the heart in the line of the interauricular septum beginning at 
the site of the transverse sinus behind tlie aorta and coming out posteriorly be¬ 
tween the sirperior vena cava and the right jnxlmonai'v veins. AVith two, three, 
or four sutures placed through the heart in this way, pulled taxrt, tied to¬ 
gether posteriorij’’, and then tied anteriorly Jlurray was able to compress the 
anterior wall to the posterior wall of the axiricle in such a way as completely 
to occlude the experimentally produced defects in dogs. Using this method 
on a 12-year-old patient two sutures xvere placed and tied down which firmly 
compressed the anterior and posterior walls of the auricles. The right auricle 
diminished to at least one-lialf of its .size within about two mimrtes. AVith this 
method there is a great danger of obstimcting the superior vena cava or the 
right superior pulmonary vein. Furthermore a large defect or one elose to 
the valvular plane cannot be completely occluded by the described method 
Cardiac catheterization performed fourteen months postoperatively on tins 
patient shoxved a substantial left-to-righi shunt and significant right heart 
hypertension. 

2. Swan and his associates in 1948 described a method by which both au¬ 
ricular appendages were invaginated and their tips firmly fastened together 
through the septal defect which was plugged by this maneuver. Large de¬ 
fects elose to the vahmlar area cannot be occluded in this wa.v, and an obstruc¬ 
tion of the pulmonary veins may occur. 

3. Sondergaard (1952) described the following method: A dissection was 
first carried out in the interauricular septal plane beginning between the su¬ 
perior vena cava and the right superior pulmonary veins, continuing downward 
between the inferior vena cava and the right inferior pulmonary vein. Tins 
dissection was carried between the left and right auricular wall until the point 
was reached where the muscle fibers crossed over from the right to the left 
auricle. AVlien this groove between right and left auricle has been dissected, 
one suture is anchored in the right auricular wall at the base of tlic aorta .fust 

Prom tUo Surgical CUnic of SabUatsberg Hospital, Surgeon-in-cliicf: Prore.-ssor C. Cra 
foorO. 
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nants of an interauricular septum remained, and there was a communicating 
defect of the upper portion of the interventvieulav septum as well (verified at 
post-mortem examination). 

When the sutures were drawn taut the hole between the auricles became 
smaller but a large communication still remained. The child died in connec¬ 
tion with the operation. 

This operation made the following points clear; 

1. It is necessary to have a finger in the auricle (a) to exclude mitral 
stenosis or make a valvulotomy, (b) to exclude abnormal venous return, (c) to 
guide the needle, and (d) to ascertain an effective closure of the interauricular 
septal defect. 

2. The Sondergaard method is not effective in cases when the interauricu¬ 
lar communication is very lai'ge and when the defect is situated close to the 
vahmlar plane or combined with a high interventricular defect (atrioventricu- 

, laris communis). 




Fie. 1. 


Pigr. 2. 


continual ^ interauricular septa] defect in 

On an autopsy specimen the following method was worked out : 

A. The pericardium is opened in front of the right phrenic nerve. The 
superior and inferior vena cava are dissected free at their entrance in the right 
auricle. Then a dissection between the superior vena cava and the superior 
pulmonait t ern is performed. This dissection is continued down between the 
light and left auricula,- wall until the muscle bundles from the two auricles 
cross over from one to the other as a network (Figs. 1 and 2). The dissection 
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2. In 1952 Gross and his fellow workers published a I'eport of an ingenious 
method using an atrial well. They attached temporarily a cone-shaped rubber 
bag to the right auricular wall so that the auricle could be opened and blood 
allowed to rise up into the rubber “well.” Through this column of blood it 
nms possible to pass a finger down into the auricle, to find the septal opening 
and to close it either by direct suture or by the onlay of a piece of flat sub¬ 
stance such as fascia, pericardium, or plastic. Six cases were reported, two 
with a successful outcome. This method contains a new principle for intra- 
auricular tactile surgeiy. It may be used in combination with any type of 
closure of the defect, eveu if the defect is a very large one. 

3. During 1952 Swan I’cported successful results with a modified method. 
With a finger placed in the right auricle, a ligature probe is passed from the 
left auricular appendage through the septum at the edge of the defect out on 
the right side along the finger, and a thread is pulled through. This is re¬ 
peated at the other edge of the defect. The threads are tied to a plastic but¬ 
ton which is pushed into the light auricle as the sutures are pulled up taut. 
The button lies in the right auricle over the defect. When the sutures are 
tied over another button, the left auricule is inverted against the first button 
in the defect. It is suspected that this method would be difficult to apply in eases 
with large defects rvliere no septal rim remains. 

4. Hufnagel and Gillespie (1951) devised a method by which two plastic 
buttons, one on each side of the septum, were screwed together. It was essen¬ 
tial to have a complete rim to hold the double button in place. Gross, with Ins 
associates, has clearly shoivn that this method is not safe in human beings (ap¬ 
plied in three eases, all of the patients died), who are too likely to have in¬ 
complete rims around the opening and thus not sufficient substance to hold the 
buttons in place seerrrely. 

C. Open 3Icihod on Bloodless Heart .— 

In 1951 Dennis and his co-workers used a pump oxygenator on a 6-.vear-old 
girl. For foi’ty minutes the right auricle was open and a septal defect was closed 
under direct vision with interrupted sutures. The patient died. This method 
may be further developed, perhaps in combination with hypothermia, to provide 
safe intracardiac surgery under direct vision. 

THE SIETHOD WE HAVE USED 

The technique described by Sondergaard was applied during an opera¬ 
tion on a 6-year-old girl with complete absence of the interauricular septum, 
a huge right auricle, and pulmonary hypertension (pulmonary artery pressure 
73/40, mean 50 mm. Ilg). As the trvo sutures were drawn taut the heart beat 
became weak and irregular. In order to find the reason for this reaction of 
the heart, a finger was introduced through the right auricular appendage. A 
complicating mitral stenosis (Lutembaeher sjmdrome) not diagnosed before¬ 
hand was palpated. A digital dilatation of the mitral valve was easily per¬ 
formed from the right auricle. Palpation further revealed that only a smal 
rim of septum remained in the superior portion of the auricles. No other rem- 
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negligible and therefore abandoned until palpation from tlie inside of the 
auricle has been carried out (In experimental animals until intact septum a 
considerable groove may be dissected between the inferior vena cava and the 
left auricle.) 

The dissection between the superior vena cava and the pulmonary veins 
on the other hand is important in order to avoid an obstruction of these I'es- 
sels when the suture is tied. 


Fig a 
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is continued down between the inferior vena cava and the left auricle. This 
dissection is the one originally described by Sondergaard in 1952. However, 
in cases with a large septal defect Avithout a septal rim the dissection that can 
be carried out betAveen the inferior Amna caAm and the pulmonaiy veins is 

riff. 3. 


POINT WHCftC THE NFrOLt IS 
INTMfiUCep 
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Fiff 3—The needle is introduced throuffh the right ''through 

the root of the aoita behind the right coron.nry o.tery The ‘i'rogi'‘th?ouS tfie 

the upper portion of the intei \ enti icular septum o^er to the left side and out 
left auricular vall behind the infeiior lena ca^a 

4 —Eiaffram shottinff where the needle Is introduced and taken out and 
suture is tied In the dissected ffroo\ e beta een left and right auricle. 
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sity over third and fourth interspace. The second sound was divided, ^way examination 
showed enlarged right ventricle and pulmonary artery. Heart catheterization (B. Jons- 
son) showed a large left-to-right auricular shunt (oxygen saturation in superior vena^cava 
5S per cent, inferior vena cava 67 per cent, right auricle S4 per cent, left auricle 97 per 
cent, right ventricle So per cent, and pulmonary artery S5 per cent) and a slightly in¬ 
creased pressure in the right ventricle (4S/T1, mean 24 mm. Hg) and the pulmonaij arteri 
(33/9, mean IS mm. Hg). 

Angiocardiographv (Hjellberg) demonstrated an iuteraurieular septal defect close to 
the valvular plane. 

Alarch 20, 1933, the right chest was opened through the bed of the sixth rib. The 
pericardium was opened in front of the phrenic nerve. The dissection between the supe¬ 
rior vena cava and the superior pulmonary vein was continued until a considerable grooie 
had been developed. At the bottom of the groove behind the superior vena cava a small 
arterial branch was divided and sutured. A linger was now inserted through the auricular 
appendage. Palpation revealed that only a small rim of septum remained at its superior 
margin. A needle was introduced to the right of the base of the aorta and guided sub- 
endocardially through the superior portion of the interveutricular septum and out behind 
the inferior vena cava through the left auricular wall close to the interventricular plane. 
The suture was then drawn taut and tied over liV>ric foam in the dissected groove. The 
septal defect had diminished in size from about 3 or 4 cm. in diameter to an oval opening 
with a maximum diameter of 0.5 cm. Xo obstruction of the vena cava and coronary sinus 
could be palpated. Xo heart irregularity was encountered. The postoperative course was 
uneventful aud the systolic murmur had disappeared. 

SUAI3I.ART 

A i'e3'iew is given of em-lier techniques for the elosnre of interanricnlar 
septal defects. 

A new method is presented the main features of tvhich are: 

1. A groove between the snperior vena cava and the pulmonary veins is 
dissected (according to Sondergaard). 

2. 'With a finger inserted in the auricle through the right auricular ap¬ 
pendage a needle is guided subendocardially in the septal plane. It is intro¬ 
duced through the right auricular wall close to the root of the aorta just be¬ 
hind the right coronary artery. The needle follows the aorta down and 
through the upper i)ortion of the interventricular septirm. Through the pos¬ 
terior portion of the interventricular septum the needle should come over 
more to the left side aud then come out through the left auricular wall be¬ 
hind the inferior vena cava, close to the annulus fibrosus. The t 3 vo ends of 
the silk suture thus drawn through ai’e tied in the dissected groove. 

This method seems to be applicable even in cases with a very large inter- 
auricular septal defect without a septal rim. The application of the'^method 
on a patient with a large septal defect is reported. 


ADDEXDUil 

nmnnel wni?^ry‘£odTe" “ tl>e s.ime 

REFEREXCES 

1. Bailey. C. P.. Glover, B. P.. aud O'Xeill T T F . n,. i t ^ 

Dis. Clicst 22; 1, 1952. ‘ ’ Closed Intracardiac Tactile Surgery, 
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B. With the finger inserted through the right auricular appendage a long, 
thin, curved needle is introduced through the right auricular wall at the right 
side of the root of the aorta behind the right coronary artery (Fig. 3). The 
needle should follow the aorta as close as iiossible subendoeardially. It must 
not enter the aorta and injure the ])osterior semilunar valve. Under digital 
guidance the needle should be directed sitbendocai'dially (in the rim of septum 
if one remains) down thi’ough the upper portion of the interventricular sep¬ 
tum between the mitral and tricuspid A'alves and out through tlie auriculav 
wall behind tlie inferior vena cava (Pig. 4). It may be impossible to predict 
if the needle will come out through the left or right auricular wall as a septum 
may be absent, but the palpating finger can direct the needle out behind the 
inferior vena cava in such a way that neither inferior vena cava nor the cor¬ 
onary sinus will be obstructed when the suture is tied. The two ends of tlie 
thread are then drawn taut over a piece of fibrin foam in the groove dissected 
between the superior vena cava and the right pulmonary veins (Fig. 5). With 
the finger inside the right auricle it can easily be determined how the se])tiil 
defect diminishes concentrically until an effective closure is obtained. Then 
the suture is tied (Pig. G). The septal area between the vena cava and the 
right pulmonary veins has then been encircled and anchored down to the inter¬ 
ventricular septum excluding an interauricular communication. 

Indications .—This method seems to be applicable in all different types and 
sizes of uncomplicated atrial septal communications of clinical importance. 

It can also be applied in cases complicated with mitral stenosis and with 
an atrioventricularis communis. 


Experimental Worl ;.—In the experimental animal the anatomic and patho¬ 
physiologic changes encountered in large seiital defects cannot be produced. 
Thus the experimental work is only of a limited value : 

1. Applying the atrial well, described by Gi-oss, we have produced inter¬ 
auricular septal defects and closed them in the above-mentioned manner for 
training purposes. 


2. When the atrial well is sutured in place and the interaui'ieular defect 
is i)roduced, we have passed needles through the interventricular septum without 
heart irregularities or BCG changes. The anterior jiart of the intcrvcntrieiilar 
septum may even be crushed between clami)s without irregularities. If the 
posterior part of the uppci' portion of the interventricular septum (inehulmg 
the bundle of Ilis) is crushed, irregularities are encountered. The bundle of 
His comes from the right auricle over on the right side of the posterior portion 
of the interventricular septum. It is therefore advisable to guide the needle 
over on the left side when it is passing through the posterior portion of the 
interventi'icular septum and take it out through the left auricular wall behim 
the inferior vena cava as close to the atidoventricular bordei- and the intei- 


ventricular se])tal plane as possible. 


CASE REPORT 

A Ci-year-okt bov could not piny as otlici cliildicn. He Iiiul never been 
Physical oxarainatioii’ revealed a short harsh loud systolic murmur ivith maximum m 



THOKACOABDOMINAL ECTOPL\ COEDIS 
Eeport of a Case Successfully Treated by Surgery 

James W. jMajor, M.D. 
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E ctopia cordis is a congenital anomaly in which the heart lies partially or 
totally outside the mediastinum. According to the literature, it is one of the 
rarest of anomalies. To date 142 eases hare been reported.’^ Weese, in 1818, 
classified ectopia cordis in three groups: cervical, thoracic, and abdominal. 
Byron^ has added a fourth category, thoracoabdominal. 

This paper attempts to summarize the latter group and reiDorts in detail 
one case successfully treated bj' surgerjL Also, brief mention will be made of 
four additional eases of this t 3 ’pe of anomalj’^ which hare not yet been re- 
ported,’*’^ but which were surgicallj’ treated. 

Table I is a summar\' of the knoAvn eases of ectopia cordis. None of the 
cervical group has been treated surgically, but at least one patient® survived 
to adulthood with the heart apparent in the left upper thorax and neck. In 
the thoracic group, three patients underwent some tj-pe of surgery without 
success.^' •’ ® One patient with an abdominal defect died after surgery,® al¬ 
though in this group there have been survivals to adulthood. In the thoraco¬ 
abdominal group, at least five cases have been treated surgically, two Avith 
apparent success.® In at least one other case of this latter group,®® there is a 
possibilit}' that had surgery been carried out at birth, the outcome might have 
been different. This belief will be enlarged upon when the case is quoted. 

In thoracoabdominal ectopia cordis, three distinct defects of dcAmlopment 
are present in almost all eases; (1) partial absence of, or cleft of, the sternum, 
(2) diaphragmatic defect, (3) midline abdominal defect of diastasis recti or 
omphalocele tj'pe. The heart is partially displaced into the defect and maj' 
have complete, incomplete, or no pericardium. Depending upon the size of 
the herniation, abdominal viscera are also found in the protrusion. Other 
anomalies, such as harelip, cleft palate, cardiac and great A’cssel anomalies, 
anencephalj-, clubfoot, etc., may be present and maj^ influence the suiwival of 
the infant. 

Embroj'ologicalljq both heart and diaphragm arise in the cervical region, 
and descend during the’fifth to the tenth Aveek of gestation. The defects 
leading to the ectopia are apparent as early as the sixth or seventh week of 
development. They probablj- represent inherent abnormalities in the germ 
plasm with no relationship to the health of the mother or father, duration'^and 
complications of pregnancy or deliverj'. One can only speculate on the mecha¬ 
nism by Avhich this disarrangement is produced. 

The sternal defect apparently occurs because of the failure of the rib 
end^o fuse properlj-. The defect may range from complete lack of the sternum 
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Case 3—Greigi= quoted 
the xiphoid to the umbilicus 
Into the upper part of this 
thymus and the extremity of 
behind the xiphoid process.” 


Breschet tvho described “an aneneephalic foetus, cleft from 
; the hernial sac contained abdominal and thoracic viscera, 
split projected the heart in its membranes, the horns of the 
the inferior lobe of the left lung, the diaphragm being split 


Case 4.-Greigi= ^eluded this case report also. “In the seventh month foetus described 
bv Pinelli, the heart without pericardium lay in the epigastrium where it and the abdominal 
viscera were only covered by peritoneum. The sternum, mediastinum and left lung were 
absent.” 


Case 5._Greigi= wrote “of Fleischmann who, in 1810, described a foetus in whom 

the sternum was so short that only the first ribs reached it. A prominent sac reached to 
the hypogastrium and contained in its upper part the heart which had passed through an 
opening in the diaphragm and outside the pericardium and appeared to be covered only 
by peritoneum.” 

Case G.— This case was also mentioned by Greig.m "The heart of a premature female 
foetus ... as mentioned by Sandifort, had passed through the diaphragm and rested in 
a hollow in the liver surface and the assumption of the same position is recorded by 
iVilson. Tliis child was bom at full term and died seven days later of septic inflammation 
due to sloughing of a membranous sac which protruded from the abdomen between the 
xiphoid process and the umbdieus. Tlic child was of normal colour though at birth and for a 
short period before its death the lips occasionally had something of a livid appearance. 
During life the sac referred to contained a mobile tumour which on autopsy was found to 
be the heart. It was in the epigastric region and lay ‘in a cavity formed on the superior 
surface of the liver’ which was not divided by the falciform ligament but was hollowed 
out there to receive the heart. The tendinous portion of the diaphragm and the corre¬ 
sponding part of the pericardium were absent. . . . The heart was two chambered. A 
large arterial trunk arose from the ventricle and divided into aorta and pulmonary artery.” 


Case 7.—Greigis also referred to the following case. ■ “There was no deficiency of 
the sternum or of the chest wall in the male aged 5 months in whom an umbilical hernia 
noticed at birth was found to contain a hard pulsating body. Holt states that the child 
was above average weight, but had some cyanosis during the first week of life. The 
recti muscles were widely separated above the umbilicus, and at the center of the protru¬ 
sion a circular two-inch area was covered only br- membrane at the lower edge of which 
was the umbilicus. A fiugcr could be passed under the heart and its apex raised. A loud 
systolic murmur heard all over the heart but most distinctly at the left of the xiphoid, 
probably indicated along with the cyanosis a congenital septal defect.” 


C.vSE S.—Gre;g’= mentioned, “Much the same condition [as in Case 7] obtained in a full- 
term child who only survived birth fifty-one hours, but the case is not very fully reported by 
Wintsch.” 


Case A—H.lmcsm described an infant born at term in which “a pulsating mass was 
noted in the epigastrium. This was raw and bright red. Soon after birth a scab formed, 
which came oft and was replaced by another smaller scab at each dressing. After four 
weeks the mass became covered with skin. Cyanosis was not observed in the infant. She 
developed normally. ... .At 14i/i months . . . developed empvema and died.” At autopsv 
“The sternum measures G cm. in length. There is no xiphoid process present. The costal 
angles and the curves of the costal margins are quite normal. Beginning at the lower 
end of the sternum and extending toward the umbilicus is a hernia-like swelling 5 cm 
.n length and about 3 cm. wide. AVithin the swelling is felt a pear-shaped mass of firm 
consistency. The mass is somewhat movable, is rounded laterally, bluntly pointed at the 
owor end and Iccomcs constricted at the vpper end as it passes under the costal margins and 
loner end of the sternum. . . . There is a normally placed pulmonary artery and aorta, and 
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Table I. Distributiox by Site of Defect 


SITE 

XUMBER 

Thoracic 

SI 

Abdominal 

3S 

Combined thoracoabdominal 

15 

Cervical 

4 

Unclassified 

9 

Total 

147 


to tile simple absence of the ensiform process. The diaphragmatic defect con¬ 
sists of a V-shaped aperture in the anterior diaphragm; the top of the “V is 
defined by attachment to the edges of the sternal defect and the base by at¬ 
tachment to the vertebrae. The abdominal defect is midline, and varies from 
simple diastasis recti to complete omphalocele: it may be only epigastric or 
it ma.v extend from the sternal defect to, or inelnde, the umbilicus. In some 
instances it is completely covered by skin, while in others the main portion 
of the abnormality is eo\’crcd only by a transiiarent membrane which is gelat¬ 
inous in appearance, and probably represents pericardium, peritoneum, 
omphalic tis.sue, or a combination of these. 

In the majority of cases reported, there have been patent interventricular 
or interauricular septal defects, and in some there have been other defects 
such as the tetralogy of Fallot, trilocular and bilocular hearts, pulmonic steno¬ 
sis, abnormalities of the vena cava, and aortic anomalies. 

The problem, therefore, is to correct any deformity which is incompatible 
with life. First, it is necessary to obtain a suitable skin covering for the heart 
and abdominal viscera, and second, these viscera, particularly the heart, must 
be placed so that their function will maintain life. It is believed that, in the 
case previously mentioned in which surgery might have been done, the growtli 
of the child may have caused constriction of the heart by the diaphragm, in¬ 
dicating that perhaps not only the immediate but future action of this organ 
must be considered in any atteiujit at repair. 

7 V summary of all known eases of thoracoabdominal ectopia cordis follows; 


CASE REPORTS 

C,VSE 1.—Willius” quoted .an article writtoji by Niels Steiisoii about UiSO uliid' 
described a monster. “The lower part of the sternum comsisted of cartilage and w.ns 
connected with the rest of the sternum merely by a narrow union. As far as that goes, 
the sternum was split, and the heart, liver, spleen, most of the intestines and the ng ‘ 
kidney had passed out through the slit, being thus uncovered. The lungs were m 
thorax. ’ ’ 

Case 2.—Greigw cited O’Connor’s ISOl report of a newborn infant in whom “there 
was deficiency of the abdominal wall and the protruding peritoneum was ‘ 

placenta, the umbilical cord being only 4 inches in length. The distal part o ■ 
of the sternum and the corresponding costal cartilages were deficient, and ' 

ruite visible hing anterior to the chest wall. The child made no attempt at 

r u w. Tu. ... 

ouarter of an hour; O’Connor then opened the pericardium and the heait he 
stronger until they gradually ceased two and a half hours after delivery. 
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especiallv hvpertrophiei There are features about the septum aud appearance of the 
foramen’ovale that mav indicate that the foramen served for the passage of blood from t e 
left to the right auricle. The right auricle and right ventricle and the passage between 
them are relatively very large. Knally, the defect in the interventricular septo is so 
placed that during systole of the ventricles blood from the right ventricle Tvould appear 
to pass with about equal facility into the conus arteriosus (infundibulum) or into the aortic 
vestibule. It is into the latter, and not into the displaced left ventricle cavityj that the 
septal foramen opens. In the aortic vestibule, blood coming from the right auricle through 
the interventricular septal foramen would meet and mingle with, blood from the left 
auricle, by way of the mitral orifice, coming under similar pressure from the left ventricle. 
Thus the deficiencv in size of the left ventricle would be compensated for by the assistance 
of the right ventricle.” 


This is the case previously mentioned in which the possibility of constric¬ 
tion of the left ventricle by the diaphragm, or some part of the hernial ring, 
seems to have so embarrassed the circulation that at best the child was handi¬ 
capped. possibly enough to lead to intercnrrent infection and death. This leads 
to the speculation that had the difficulty been eorreetible and corrected, would the 
child have had a greater chance of survival? 



2—^Infant reported by Dhrenhaft (Case 11). 

Case 10. Kulinelis cites a case in vfhicli **froiu the anterior surface of the heart a 
verj- thin cord is seen to extend down to the amniotic membrane of the umbilical cord; on 
microscopic examination this cord is found to consist of amniotic tissue. 

“The slit itself is a combined abdomino thoracic defect, the abdominal part of which 
IS rather wide (measuring 5 6 cm. in width), but not open, being covered bv a very thin 
membrane, which is found microscopically to be made up of two leaves, an inner peritoneal 
leaf and an outer amniotic membrane. The skin ceases on both sides of the distal angle of 
the defect, defined sharply by a low waU on each side-Only the upper three ribs are con¬ 

nected to the sternum, while the rest are converging toward the margin of the skin where 
they end freely.” The heart was coi ered with warm saline sponges but the child died with 
cianosis twenty-six hours after birth. 

Case 11.—Ehrenhaft= operated upon a 3S-hour old white female infant on Tnn. o- 
19ol who at birth showed “a large dehiscence of the upper mid-ahdomiual lall from the 
utnlnhcus up to the area of the lower sternum. There was a dehiscence of the muscuStlre 
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a right and left ventricle, What appears to be the anterior coronary artery passes almost 
straight downward in front. To the right of this lies a somewhat globular mass, resembling 
a rounded and hj-pertrophied right ventricle; to the left, a prolongation of this muscular 
mass extends downward and becomes continuous with "the extra-thoracic tumor mass 
that has already been described. The whole forms an irregularly shaped heart, the extra- 
thoracic tumor representing the hulk of the left ventricle. 

“The displaced portion of the heart lies, as is seen, below the rounded muscular 
mass that represents the right ventricle, and to the left of it. At the normal position of 
the apex there is a constriction in the muscular mass. This was perceptible to the pal¬ 
pating linger before section; below this the mass expands to form the extra-thoracic 
tumor. . . . 









Fi&. 1.—Photograph of infant described by KUhnel in Case 10. (From KUhnel: Acta obst. et 
g^'nec. Scandinav. 2p: 128’‘137, 1940.) 

“Examination of the diaphragm, as a whole, shows that it is normally placed, normal 
in its contour and normal in its attachments, except that, symmetrically on the two sides, 
it leaves the costal margin near the median line and, curving downward, finds its attach¬ 
ment in the fascia of the abdominal wall, as low as 5 cm. below the level of the costa 

angle. ... • j t in 

“In considering the character of the circulation in the heart just described, certai 

facts seem to be of especial importance. Among these are the following: 

‘ ‘ The left ventricle is relatively small, and to a considerable degree is detached from 
the main body of the heart. The mitral orifice is small, so small as to suggest that i 
played a less than normal part in the transmission of blood from the left auric e (pu 
monary circulation) to the systemic circulation. The walls of the left auricle are n 
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’Dnaer drop etUet anesthesia an incision was made in a complete circle just outs 
the shin margin and dissection was carried down to the abdominal fascia and onto the nb 
and sternal fascia; care was taken to preserve intact the peritoneum and associated mem 
btanes When the fascia had been cleaned and adequately exposed, atWntion was turned 
to the urachus and hypogastric vessels, which were dissected free and tied off. 
from the pulsating mass in the upper portion of the defect, was what appeared to be a 
large nulsatiug vessel about 1 cm. in diameter. At first this was thought to represent the 
umbilical vein. However, the liver, which was prominent beneath this, was then visualized 
through an opening in the peritoneum and the umbilical vein located to the right. This 
was tied off and transected, Tollowing this, the liver could be pressed into the abdominal 
cavitv and obviously there was no connection between it and tbe heart with its pulsating 
extension. This extension appeared to fuse with the central portion of the previously 



Fig, 4.—Bab}’ 31. A, E. at the age ot one month. 


described membrane, and although noir thought to be some anomaly of the inferior vena 
cava, it led only into the peritonea! corering. It was dissected free and tied off without ill 
effect. When transected it was found to be only a serous membrane, and therefore was 
only an extension of the parietal pericardium. The heart could be placed into the defect 
and flush with the anterior body wall. When this was done a A'-sbaped defect in the dia¬ 
phragm was seen at the lateral edges of which were the lower margins of each long, cov¬ 
ered by pleura. Wiie>i, _by_laterai pressure, the de fect was clos ed, the heart rested in the 
draphragmatic def^ a^idjhe liver rested beneath it. The child stood this maneuver 
satisfactorily. ThereforepSeess peritoneum was removed, and with the assistant main- 
hilaPiral pressure, tlie^peritoneum. and fascia were closed with interrupted sutures 
of 0000gotten. I n the upper portion between the ribs, and at the level'of The'stwiial 
defect, a fascial covering could hot he made, arid only the skin was closed. The assistant’s 
pressure was niaunaiiicd while a drcs.ring w,as applied, which completeiv encircled the 
patient with strips of adhesive tape. The child n-as slightly cyanotic, but’respiraton- and 
cardino action nere strong, .and she was returned to the nursery where o.vvgen was given 
for three days. Subsequent development has bees entirely normal. Eiekrocardiograma 
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and intestines as T\'ell as liver in the lower portion and heart in the upper portiou , . . 
covered only by a vorj' thin membrane. . . . During the dissection it became evident that 
the heart where it came through a rent where the diaphragm liad failed to fuse with tlie 
anterior chest wall . . . presented mostly ventricle . . To gain more room the surgeon 
resected some of the costal margins and lower sternum, but none of the procedures were 
successful. The child survived the operative procedure but died about forty-five minutes 
later. Permission for post-mortem e.vamination was obtained. It was discovered that the 
child had a tri-chamber heart with a single ventricle. Obviouslj- this was not compatible 
with any length of survival. 

Case 12.—Dr. Murraj- L. Johnsona repaired a case of thoracoabdominal ectopia cordis 
in 1950; the child survived twent 3 --four days. This case is to be reported in detail by Dr. 
Johnson in the near future. 

Case 13,—Dr. Harris B. Schumacher-i also attempted the repair of a case of this 
group in 194S, but the child did not survive the procedure. In this ease, as in Hofman’.s, 
there was a constriction about the ventricles, as Dr. Schumacher will show when he reports 
the case. 



Pig:. 3.—Baby M. A. K. at birth. 


Case 14.—This child, M. A. K., was dclivcied routinelj- on Oct. 2, 1951, and neighed 
S pounds, 14 ounces. She breathed and cried readih-, and was quite vigorous. However, 
there was mild ct-anosis and a defect of the anterior abdominal wall and thoracic cage. 
Normal skin extended from the circumference up onto the defect for approximatel.v 1 cm. 
The intervening space, which was about 5 cm. wide and -S cm. long, was covered only by a 
thin, translucent membrane, presumably- peritoneum and pericardium. The upper one-thir 
of the defect was occupied by a pulsating mass. At the time of operation, it was estimate 
that about one-third of the heart protruded aboi e the level of the thoracic cage. lo 
heart sounds were normal. Immediate surgery was decided upon. 
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and chest x-rays were within normal limits, and no other anomalies have manifested them¬ 
selves. The child is now one year old, weighs 24 pounds, and is normal for this age. The 
pulsations of the heart have continued to be visible beneath the skin and palpable in the 
region of the sternal defect and epigastrium. The defect seems proportionately smaller 
than it was at one month of age. 



Fig-. 5.—Baby 31. A. K. slionn at tiie age of one year. 


Case 15. —Since the writing of this paper it has been leainod that Dr. Mark Bavitch-’ 
has had a successful repair of this anomaly in a 20-year-old patient, and will report the 
case. (This case has been added to Table I by the courtesy of Dr. Bavitch.) 

SUJIJIARY 

A brief summaiy of the literature on ectopia cordis has been given, with 
clinical briefs of all Iniown eases of the thoracoabdominal t 3 "pe. A detailed 
account is given of one such case which has been succcssAilh^ treated bt' siirgerj'. 
The patient is now alive and well at the age of 12 months. 
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CIIKONIC CIIYLOTIIOE/VX ASSOCIATED WITH IIYGKOJLV OF THi: 

jMEDIASTINUil 

Arthur S. W. Tourott, SI D., G vbrirl P Sele\, SI D. 

New York, N Y. 


T ins case lepoit is piesentcil lo (lemoiistiate a satisiactoiy uiethocl ot 
handling a patient Mitli cliionic ehjlolhoiav 
K U, a S'i loai oUl bo^, ■v\aii adiiiittcd to jMouiit Sinai Hobiiital on April 4, lloO, 
foi the tieatiiient ot a left clijlotliorax At biitli it Mas noted that the boi had a cardiac 
niuimui, funnel chest, and incomplete scpnation of the toes Polloning a rospiratort 
intection at the age of 4 months, giowtli and deielopmciit MCie poor One month prior to 
admission he had been in anothei hospital Mheie a diagnosis of chilothoiax i\as made hi 
physical and locntgenogiaphic exainiintioiis and thoiaccntcsis 

Plnsical oxanunation letealed a febiilo dispneic child, ivith niaihed sternal rctrnc 
tioii and dullness and diminished bieatli sounds o\ei the entiie left chest A harsh sistohc 
murniui lias piesent o\ei the ontiio piecoidiiini Abdomen Mas distended, liter and 
siileen tieie both enlarged Laboiaton examination Mas noncoiitiibutorj. 

Uo^ptlal Couii.t —llepo'ited thoiacenteses ucie quiclUj folloued bj reiccumulatiou 
of clnlous fluid containing a piepondeiaiicc of Ijmphocttic like colls Although niedinstiinl 
tumoi tins consideied lu the difloieiitial diagnosis, an x laj film folIoMing accidental pnoiitno 
tlioiax tilled this out Tig 1 domonstiatcs the iiioopeiatno status Thoracotomj w is 
suggested and cat nod out on Juno 7, 1930 

Findings and Opciatnc Fioccdinc —The left chest tias eiitoiod thiough the sotenth 
tntoicostal space bj a liboial iiosteiolatoial incision The chest Mas filled Mith olplous fluid 
Minch Mas ctacuated Mith suction In the legioii of the lowoi end of the esophagus, just 
aboto the diaphiagm, thoio Mas noted a leakage ot chjlous fluid The niediastinal pleura uas 
incised at this point and a iiumboi ot dilated hiiiph ducts moio noted, one of Minch extended 
along the diaphiagm and onto the poiicaidium These ducts Meie clamped, dnided, and 
ligated Extending ujim ud along the aoiti thcic Mas a huge tumoi like mass winch con 
sistcd of distended Ijmpliatic ducts coiitaiiniig clnle This tumoi like mass w is dissected 
fiee fiom the aoita to mIiicIi it was intimatelj adheieiit The iiitenening channels were 
ligated as thej wcio dissected fiee Aftci ligating all these laiious channels it was noted 
that thoio Mas still leakage of clnle in the legioii of tlie lowoi end of the esophagus A 
number of ductlike openings weie noted and ligated and be dissecting in and arouiid the 
esophagus and the legion botMoen the esophagus and tlic aoita; a cloaca like strucfiiro 
was dissected out, mIiicIi occupied the iiiediastinuin TIic opposite pleura was deliberateh 
cnteied to sec if theie was am leakage of clijle fioiii the opposite side, but there was none 
and the plouia was closed Because it was impossible to leinoio this entire hniplmtic 
channel Minch lealh consisted of the niedinstinum lathoi than one single duct, Lipiodol 
(about 5 cc) was injected into tins icgion and the iiiediastinnl pleura closed oior 
loosely The chest was closed in laxeis after a cathetei drain had been nisei ted through 
a lowei intercostal space Penicillin (200,000 units) was instilled into the pleural cmitt 
Chromic and plain catgut were used tlnoughout 

The postopeiatii 0 coiiise was chaiacteiizcd bj gastiic and intestinal dilation 
which responded to conseiiatne nieasuies Three weeks after the operation the left 
chest was entirelj clear and there was no reaccuiiiulation of fluid Pigs 2 and 3 show t ic 
postopol*iti\ G ''t'ltiis xtli Lipiotlol 111 situ 

Presented at Nc\\ Yoik Societj for Thoracic Surpciv, May 1C, 1952 
Recened for publication Jan 31, 1953 
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TEAU3IATIC CHTLOTHOEAX FOLLOWING ESOPHAGEAL 

RESECTION 

SxD>-irs: Bressuer, H.D., F.A.C.S., Havid VurceR, H.H., P.A.C.S., axd 
SAiiuEL A. Tnoiipsox, H.D., F.A.C.S. 

New Tore, N. Y. 

T RAHMATIC diylothorax was first described, according to Olsen and IVilson,^ 
by Bartelot in 1633. There have only been sixty-nine cases reported in the 
literature to date. However, this does not mean that this condition is as rare 
as the pancity of reports would seem to indicate. IVith the great inciease in 
intrathoracic surgical procedures in the past fifteen yeai’S, it is probable that 
this condition is met with more frequently. 


EilBRVOLOGT AXD AX.VTOilT OF THE THORACIC DECT 


The lymphatic system is closely related to, and developed concurrently with, the venous 
system. Sabine believes that all lymphatics are developed as outgrowths of venous endo¬ 
thelium in six situations; two paired in the nect region, two paired from the iliac veins, 
and two unpaired, the retroperitoneal sac and the cistema chyli. By continuous centrifugal 
growth and branching, hmphatic channels invade most tissues of the body. The original 
connections may be retained as the definite connections of the adult lymphatic system, or may 
disappear and become re-established later. Kampmeier^ and Huntington,-* on the other hand, 
believe that the lymphatic system arises by the confluence of perivenous mesenchymal spaces 
to form larger spaces which in turn become confluent to form continuous vessels which even¬ 
tually open into the venous system. The cells lining the spaces are at first undifferentiated 
mesenchyma. but later become flattened to form the endothelium of the lymphatic vessels. 

In the human embryo the l_vmphatic spaces which represent the beginning of the definite 
lymphatic system appear in the jugular region of each side and coalesce to form the jugular 
h-mph sacs at the 10 to 11 mm. stage. The jugular lymph sacs become closely associated 
with the lymphatics of the arm bud. The upper part of the thoracic duct, on each side, is 
formed from these lymph sacs. These channels become secondarily connectd with the de¬ 
veloping cistema chyli to form paired thoracic ducts. 

There are many variations in tlie anatomy of the thoracic dact.5. s The duct varies 
from 4 to 6 mm. in diameter. Its length is 3S to 45 cm. It usually arises in a ronghly 
triangular body, the cistema chyli, which lies on the anterior surface of the second Inmbar 
vertebra, posterior to. and to the right of, the aorta. The cistema is the receptacle for all 
lymph from the Inmbar area and intestines. Just above the cistema, on either side, and 
emptying into it, are bilateral descending vessels which drain the lower six or seven inter¬ 
costal spaces. The thoracic dact extends upward along the right side of the aorta. It 
traverses the diaphragm through the aortic hiatus between the azvgos vein and aorta. The 
duct usually deviates to the left at the level of the fifth dorsal vertebra. The ascent con¬ 
tinues behind the arch of the aorta and subclavian artery to the root of the neck where it 
may rise as high as 5 cm. above the clavicle. It then 'crosses in front of the subclavian 
vessels and empties into the left innominate vein at the angle of tinion of the left sub- 
clavian and left internal jugular veinc. 


Tboracic Surgpry. Metropolitan Hospital. 
Kecelved for publication Feb. 1953 . ^ 
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The pathologj- report on the specimen was hygroma and Ij-mpli nodes showing sinus 
endothelial hyperplasia. 

FoUow-np Feport .—On Sept. 25, 1950 (three months after the operation), the boy was 
readmitted because of an acute bronchitis and bilateral otitis media. The chest remained 
deal'. A recent follow-up letter states that the boy is perfectly well and there has been no 
recurrence of the loft pleural effusion. (It has been two years since the operation.) 

DISCUSSION 

The use of sclerosing solutions to produce a chemical pleuritis ivas 
popularized hy HennelP ivho used concentrated glucose solutions in the treat¬ 
ment of chronic tension pneumothorax. Concentrated (67 per cent) glucose 
can be follotved bj*' Lipiodol for a more severe and lasting etfect. Lipiodol in 
this instance, bj^ producing a plastic fibrinous exudate, sealed over the re¬ 
maining openings in the chyle duet after tlie main hj-groma had been excised 
and the major channels closed b.y suture or ligation. Thus a neiv adjunct 
is added in the treatment of chylothorax. Since the presentation of this 
report ^ve have liad experience rvith a case of traumatic chylothorax success- 
fullj^ cured b 3 ' glucose instillations and chest aspirations. 

The case presented also illustrates an additional variant in the etiology 
of spontaneous chronic chylothoi'ax. 
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Fip 1 —rrLO\>eraliNo roonlRcnopram Miowinc ilcfect in the 'mid-e'^ophasu'5 
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PATHOLOGIC PHYSIOLOGY 

Normally approximately 130 to 190 c.c. of chyle jrass through the duct hourlyj In¬ 
anition and dehydration rapidly follow untreated chylothorax. The albumin depletion is 
most rapid and severe since the lymp)hatic system collects albumin from all the interstitial 
spaces of the body. 

There are several possible mechanisms for the production of chylothorax. According to 
Itammesfahr, as quoted by Watts,® chyle escapes into the pleural cavitj' upon injury of the 
thoracic duct through normal intercellular spaces between the endothelial cells. Lillie ami 
Foxo quoted Yates to the effect that there are no intercellular spaces in this region and that 
a perforation of the pileura is alwaj's present although it may not be recognized. Blalock, 
Cunningham, and Eobinsoiqio in their work on superior vena cava “tie offs,” state that 
chyle enters the pleural cawty through an uninjured pleural layer. Perhaps the delay in 
the presenting symptoms is due to the retropleural accumulation of chyle which eventually 
erodes the adjacent pleura changing the chyloma into a chylothorax. 


DIAGNOSIS 

Signs and S 3 'mptoms of ch^'lolliorax are mechanical in nature and depend 
upon tlie space-occiipj-ing- effect of the accumulated fluid upon the lung and 
mediastinal structures. Cliylothorax is more common on the right than on the 
left, except in cases of penetrating in.inries where the hemithorax involved will 
depend upon the level of the penetrating wound. It will involve the right side 
in lower injuries and the left side in higher injuries. There is a drop in the 
eosinophil and ljunphoc.vte counts, factors of some diagnostic importance. Klep- 
ser“ suggests the following method as an aid in diagnosis. The patient is fed 
fat wdiich contains a lipophilic coal tar d}'c, such as Sudan III. Within two 
hours the ch^de becomes colored b.v the d.vc. 


TREATJIENT 

The principles of treatment fall under four headings, and consist of reduc¬ 
tion in the volume of chyle loss; maintenance of an expanded lung; prevention 
of infection, and maintenance of nutrition. Conservative management should 
be tried first. This consists of repeated thoracenteses or continuous closed drain¬ 
age by an intercostal tube to keep the hemithorax free of fluid and the lung 
expanded. Usuallj' these measures Avill suffice and a spontaneous closure of the 
chyle fistula will occur. However, if, after an adequate trial at conservative 
treatment has failed, more definite measures should be tried. This consists 
of the ligation of the duct. Collateral chyle channels are soon estahlished. 

We are reporting the following ease of traumatic chylothorax subsequent to 
a resection of the esophagus for carcinoma. The chylothorax responded to con¬ 
servative treatment. 


CASE REPORT 

A. B., a 49-year-old Negro man, was admitted to the Metropolitan Ilospital on April 
7 1952 with symptoms of dysphagia of one month’s duration. At the onset he could not 
swallow solid foods without “washing down” with water. Over the ensuing four weeks, 
the difficulty in swallowing became worse; it became increasingly difficult to swallow so 
foods and finally liquids. There had been a fifteen pound weight loss during this time. The 
physical examination revealed no positive findings except the evidence of recent weight loss. 
Esophagram revealed irregularity and narrowing in the mid-third of the esopha;^is.^ -t 
esophagoscopy, a fungating mass was visualized. A biopsy of 
carcinoma. 


this mass showed epidermoid 



LOCALIZED PLEUEAL I^EESOTHELIOilA OF EPITHELIAL TYPE 

ILD.5® Ai>fred Huk’witz, !M.D.®® 

Newi^cgtox, Coxx. 

Q TOUT and IIurraT^ emphasized the fact that pleural mesotheliomas were 
D either diffuse or localized. DiFiise tumors are characterized hy the 
presence of both epithelioid and spindle cells. The localized type do not hare 
epithelioid elements hut resemble a fibroma or fibrosarcoma because of the 
presence of spindle-shaped cells only. Mesotheliomas may grow to a large 
size, but rarely metastasize to distant organs. Most of these tumors are con¬ 
fined to the pleura but some infiltrate surrounding tissues. Hochberg- con¬ 
tended that they were all malignant and should be treated by radical pneu¬ 
monectomy and pleurectomy whenever possible. 

There are four main theories concerning their origin: (1) that they are 
secondary to occult piimary cancers; (2) that they are derived from the 
endothelium of lymphatic vessels; (3) that they are an outgroivth of remnants 
of pulmonary epithelial tissue left during embryonic life; and (4) that they 
arise from the pleural mesothelial cells. The last hypothesis is the commonly 
accepted one. Clagett" has agreed uith Klemperer and Kabin'* that the 
localized mesotheliomas originate from the tissue beneath the superficial 
lining cells of the pleura in contradistinction to the diffuse form which arises 
from the surface lining. In Clagett’s series of twenty-four cases of localized 
fibrous mesotheliomas of the pleura, the histologic study revealed that all the 
tumors were composed of spindle cells Avhich produce collagen intercellularly. 
The following case showed a localized pleural lesion with unusual histologic 
features. 

CASE REPORT 


A 25-year-old, ivell-developed, rvUite man -CT-as admitted to the hospital on ilay 31, 
1951. because of a left hilar mass discovered on rontine chest x-ray examination. 

Physical examination revealed depressed scars on the cheehs with a single, firm, non¬ 
tender node in the angle of the left jaw. On the right forearm and left shoulder there 
were noted several small, irregular, brown patches which were not raised and did not 
blanch on pressure. Clubbing of the fingers was not present. 

X-ray views of the chest revealed a roimded, sharply delineated mass in the left 
hilar region (Fig. 1), located in the posterior mediastinal area. Angiogram demonstrated 
that the lesion could he separated from the vascular channels. 
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At operation on April 2S, 1952, through a left tlioracotomy approach, a very hard, 
elongated mass occupying the esophagus (extending from the aortic arch to approximately 
31^ inches caudad) was encountered. Tlie esophagus was adherent to the left main-stem 
bronchus. In mobilizing the esophagus a sucking sound was heard, and it was recognized 
that the right pleural cavity had been entered. The thoracic duct was not recognized during 
the dissection. A resection of the esophagus with a supra-aortic esophagogastric anastomosis 
was effected. The patient witlistood the operative procedure well. Fluid was noted in the 
right chest on the first postoperative day but this was not unexpected as the right pleura had 
been entered during the operation. On the second postoperative day 1,500 c.c. of dark bloody 
fluid was withdrawn from the right hemithorax. This fluid was undoubtedly an admixture of 
blood and chyle which went unrecognized as chylothorax. On the tenth postoperative day 
the patient became markedly short of breath and there was radiographic evidence of almost 
complete right hydrothorax. Thoracentesis yielded 3,000 c.c. of thick milky liquid. For the 
next six days daily thoracenteses yielded from 2,300 to 3,000 c.c. of the same type of fluid. 
It was then decided to use constant suction drainage and this was accomplished hy insert¬ 
ing a No. 16 catheter by the trocar-cannula method through the seventh intercostal space, 
laterally. Almost immediately there was a lessening of the drainage and after four days 
the chyle drainage ceased entirely. There was complete re-e.\pansion of the lung. The 
catheter was then removed. From this time on, the course was uncomplicated. The patient 
was able to swallow a regular diet well. 

The patient has been followed with monthly esophagoscopy for the past 10 months. 
There has been no evidence of recurrence of the tumor and weight gain has been satisfactory. 
Barium studies show an elongated stomach in the left chest with a wide stoma at the level 
of the second interspace anteriorly. 


CONCLUSION 

We have reported a case of traumatic chylothora.x due to unrecognized 
trauma to the thoracie duct sustained in the course of mobilization of tlio 
esophagus preparatory to its resection for carcinoma. Tliere was an e.xcellent 
response to the conservative regimen employed, namely, repeated aspirations and 
constant suction drainage. 
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LOCALIZED PLEURAL MESOTHELIOMA OF EPITHELIAL TI PL 

Batmoxd Yesxef., ALD. • -vko Aufked Hirr.wiTZ. ALDA® 

A'ewingtox, Conx. 

O TOUT aud Alurrav^ emphasized the fact that pleural mesotheliomas ere 
O either diffuse or localized. Diffuse tumors are characterized hy the 
presence of both epithelioid aud spindle cells. The localized t}-pe do not have 
epitheUoid elements but resemble a fibroma or fibrosarcoma because oi the 
presence of spindle-shaped cells only. Alesothcliomas^ may grow to a large 
size, but rarely metastasize to distant organs. Alost of these tumors are con¬ 
fined to the pleura but some infiltrate surrounding tissues. Ilochberg- con¬ 
tended that they were all malignant and should be treated bj radical pneu¬ 
monectomy and pleurectomy whenever possible. 

There are four main theories concerning their origin: (1) that they arc 
secondary to occult primary cancers: (2) that they are derived from the 
endothelium of lymphatic vessels: (3) that they are an outgrowth oi remnants 
of pulmonary epithelial tissue left during embryonic life: and (4) that they 
arise from the pleural mesothelial cells. The last hj'pothesis is the commonly 
accepted one. Clagett” has agreed with Klemperer and liabiii'* that the 
localized mesotheliomas originate from the ti.ssue beneath the superficial 
lining cells of the pleura in contradistinction to the diffuse form which arises 
from the surface lining. In Clagett's series of twenty-four cases of localized 
fibrous mesotheliomas of the pleura, the histologic study revealed that all the 
tumors were composed of spindle cells which produce collagen intercellularly. 
The following case showed a localized pleural lesion with unusual histologic 
features. 

CASE REPORT 


A 25-year-olQ, tvell-developed. white man was .a dmi tted to the hospital on Alav 31,. 
1951. because of a left hilar mas- diseoTered on routine chest x-ray examination. 

Physical exaiainatioa revealed depressed scars on the cheelis with a single, firm, non- 
teuder node in the angle of the left jaw. On the right forearm and left shoulder there 
were noted several small, irregular, brown patches which were not raised and did not 
blanch on pressure. Clubhing of the Sngers was not present- 

S-ray views of the chest revealed a rounded, sharply delineated mass in the left 
hiiar region (Tig. 1), located in the posterior mediastinal area. Angiogram demonstrated 
that the lesion could be separated from the vascular channels. 
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Laboratory studies revealed that the hemoglobin ivas 14.5 Gm. and the white cell 
count S,100. Two concentrated specimens of gastiic juice wore negative for tubercle 
bacilli and pathogenic fungi. Guinea pig inoculation aiul culture for micrococcus tuheicu- 
losis were performed and reported to be negative. 

ClinicaJ Course .—The patient continued to be asymptomatic. Bronchoscopy was nega¬ 
tive. Fluoroscopic examination revealed that the lesion moved with movement of the hiiig. 
Biopsy of one of the shin lesions revealed chronic inflammation. On June 14, LhSl, the 
ideura was opened through the bed of the sixth rib. Within the visceral pleura coveiiug the 
apical segment of the lower lobe and relatively adheient to the mediastinal pleura was an 
oval, firm, dense mass, which measured 6 cm. by 4 cm. The tumor was i)eelecl away from 
the periphery of the lung by sharp and blunt dissection. A small air leak vas closed and a 
flap of parietal pleura was raised and sutured to the raw edges of the lung. A catheter vas 
jdaced in the eighth inteicostal space in the midaxillary line. 



Fig. 1.—X-ray film of the chest, taken Atay 31, 1951, showing the left liilar mass. 

The patient made an uneventful convalescence and was discharged on June 27, 1951. lie 
was completel)- asymptomatic and in good health when seen on Oct. 27, 1952. At that tunc 
x-iay studies were within normal limits. 

Tathology licpoit .—The specimen consisted of a coaisely lobulated, oval, fimi m.iss, 
completely encapsulated by a thin, fibi’ous capsule to which a few heavier fibrous strands wore 
attached (Fig. 2). It measured 6 cm. by 3% cm. by 3 cm. It had a rather solid consistence 
Small, yellow flecks were present beneath the capsule. The cut surface was mottled grai 
white, yellow, and tan and piescntcd a finely cobbled or naplike texture duo to 
light gray and pink papillary piojections measuring 1 to 3 mm. in diameter. Some o lO 
larger structures had a moie translucent appearance. Scattered throughout were man.i 
mm., bright yellow, irregular areas and a few 1 ram. cystic spaces filled with clear uit or 
gelatinous material. Thin, fibrous trabeculae crisscrossed the entire surface (Fig. 3). 
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MicroseoplcaUv the lesion appenred to be benip,. consisting of noU-difTcrentintod colls 
gro^g in papillary arrangement and enclosed in a f.brons capsule conta.n.ng a fen 
IvmpbJcvtcs. The papillary projections were composed of a loose fibrous tissue co e, . 
ing eonslderablv in size and eorored by uniform cui.oidal cells strongly resembling mesotl. in 
cells (Figs, i and 5). In some areas, the tissue nas ratlier marbcdlj edematous, in otlie 
areas, there were small foci of necrosis and fibrosis accompanied by niiiero[)linges mill foam.' 
cytoplasm. Basement membranes and muciearmine positive malorial nere nl'sent. 


DISCUSSION 

AUhotigli this lesion ivas localizctl ami Avell cireumscvihetl, it tlifl'cicd 
from all previously clcscribecl localized mesotheliomas in that the latter have 
all been of a fibrous nature. This tumor was essentially e])ithclial in nature, 
a characteristic of the diffuse, malignant mesotheliomas.* Because of this dis¬ 
crepancy, consideration had to he given to several diagnostic ]mssibililies. 
Metastatic papillary adenocarcinoma, pavticnlavly of the thyroid gland, was 
considered, hut this seemed unlikely because of tbe pattern of Ibc tumor, its 
location near the junction of the visceral and mediastinal pleura ])ostcriorly, 
the morphologic resemblance of the principal cells to mesothelial cells, and 
the absence of muciearmine positive material and of a hnscnient membrane. 
The fact that the patient has remained avcU for one year and a half fortific.s 
this opinion. Bronchiectatic reactive disease was considered but this was 
discarded because of tbe size and discreteness of tbe mass and its distance 
from the pulmonary parenchyma. Because of the tenuous connection of tlie 
lesion -with a minute bronchus, the possibility of fetal lung was entertained, 
but this diagnosis seemed untenable because of the histologic pattern and the 
almost complete segregation of the mass from the lung. 

The most tenable diagnosis seemed to he localized mesothelioma of 
epithelial type. This opinion was corroborated by tbe staff and consultants 
of the Armed Forces Institute of Pathology. 

Many localized pleural mesotheliomas have been treated successfully by 
conservative resection,^ although Ilochberg- states that radical pneumonectomy 
and pleureetomy should always be employed. Because of the localized, dis¬ 
crete nature of this lesion at operation and because of its location, a simple 
enucleation was performed. The patient’s uneventful course since operation 
and the apparently benign nature of the lesion tend to justify the procedure 
employed. 

SUAIAI.VRX 

The successful removal of an unusual localized mesothelioma of epi¬ 
thelial type, occurring at the junction of the visceral and mediastinal pleura, 
has been described. ’ 
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Announcement 


THE AJIEKICAN ASSOCIATION FOE THOEACIC SUEGBEY 
Notice of Annual Meeting 

The 34th annual meeting of the American Association for Thoracic Surgery will he 
held May 3, 4, and 5, 1954, in Montreal, Que., Canada. Headquarters will be at the 
Sheraton-Mount Eoyal Hotel. 

Bequests for Hotel Reservations 

These should bo mailed directly to the Ecscrvation Manager, Sheraton-Mount Eoyal 
Hotel, Montreal, Que., Canada. Please mention this Association, type of accommodation 
desired, date, and approximate hour of arrival. If accommodations are desired elsewhere, 
please communicate directly witli hotel of your choice. 

Thoracic Surgical Forum 

After duo consideration, tlie Council has decided to try an experiment by assigning 
one morning session to a “Thoracic Surgical Forum” for the presentation of short papers 
on current thoracic research, anatomy, modified surgical techniques, etc. Papers at this 
session will be limited sharply to ten minutes (including the showing of lantern slides or 
other illustrative material) with throe minutes as the maximum discussion of each paper. 

These papers will be published together in one issue of The Joijknal op Thoracic 
Surgery. Maximum length: 3,000 words without illustrations. If illustrated, an appropriate 
number of words must be subtracted for each cut used. 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1954 meeting, including papers 
before the Forum, must be received on or before January 1, 1954, otherwise they will 
not be considered by the Program Committee. 

Abstracts should be labeled "For Forum" or "For Eogular Program." 

Five, repeat -five, copies of each abstract should be sent to the Secretary of the Asso¬ 
ciation, Dr. Paul C. Samson, 2938 McClure St., Oahland 9, Calif. They should not be sent 
to the Editor. 

The abstracts should contain from 200 to 250 words and accurately reflect the con¬ 
tents of the completed paper. 

Applications for Membership 

Applications for Associate Membership in the Association must be received by the 
Membership Committee not later than Jan. 1, 1954, to be considered for action in Montreal. 
Applications received bej’ond this deadline will be deferred for consideration until 1955. 

Applicants must be sponsored by three Active or Senior Members of the Association. 
In addition to the sponsoring statement on the application form, the sponsors must submit 
a separate letter concerning the applicant direct to Dr. Lyman H. Brewer, IH, Chairman 
of the Membership Committee, 2010 Milsliire Blvd., Los Angeles, Calif. Complete 
application forms should likewise be sent to Dr. Brewer. These regulations are at t e 
direction of the Council and were made effective in 1952 at D.allas. 
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Original Communications 

BEO^-CHIOLAK (“ALVEOLAE CELL") CAKCIXO^LV OF THE LUNG 

Captaix Clifford F. Storey. Commander Kekn'eth P. Iynudtsox (by 
ixyitation). !Medical Corf?. Exited State? Xa'y. axd Bexjamix J. 
Lawrence. ILD. (by ixvitat'OX ) 

St. Albaxs. X. Y. 


IXTRODCCnOX 


B EOXCHIOLAE or alveolar cell carcinouias eoBstitiite perhaps the least 
coDimou.^'® the most iutei'estiug. and the most controversial group of 
piTinary pulmonary neoplasms. It has been held hy a majority of observers 
that these tumors are of multicentrie origin."'’* that they arise from the 
alveolar lining cells,'- that they are extremely rare, and that the prog 2 iosis 
of patients -nith this disease is unequivocally dLsmaL"- If. indeed, these 

tumoi-s invariably arise from multiple primai-y sites, no mode of treatment 
can be expected to be permanently beneficial and patients inth this form of 
long cancer must be judged as therapeutically hopeless. 

Our interest in these lesions rvas stimulated when M'e encountered, vithin 
a relatively short period of time, three patients vith small peripheral pul- 
monaiA" nodules with essentially identical roentgen characteristics (Figs. 1, 2. 
and 3). .Surgical treatment "was promptly instituted in tAVo of these eases, the 
lesion being removed by segmental resection in one patient and by excisional 
biopsy ioEowed immediately by lobectomy in the other. Both of these 
patients are alive and well, one of them eighteen months and the other three 
and one-half years postoperatively. The third ])atient, Avhose lesion was 
demonsti-ated by serial chest roentgenograms to haA'e i-emained stable for at 
least sixteen months, was subjected to an intensive diagjiostic work-up. in- 
clndnrg multiple cultures of the sputum and gastric washings for acid-fast 
bacilli. VTiile awaiting reports of the cultures, a spread was observed, first 
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in the vicinity of the original lesion, but widespread dissemination soon 
occurred and all lohes of both lungs became involved ndth multiple, small, 
poorly circumscribed nodules (Pig. 4). A pericardial effusion developed and 
the bloodj^ fluid obtained on pericardiocentesis contained malignant cells 


Fig 1. Fig 2 



Fig 3 Fig 4 

Figs 1, 2. and 3—Chest roentgenograms of three pateints, each shotiing ii- 
scribed, peripheral, pulmonary nodule Each patient has a bronchiolar carcinoma 

Fig. 4—Chest x-ray Mew of the same patient shonn in Fig 1 made JllpS ifnrtules 
All lobes of both lungs are now m\oUed bj multiple, small, poorly circumscribed nouuies 
Bronchiolar carcinoma diagnosed by lung biopsy and rerifled at autopsy 



5T0KEY EX XL.-. BROSCHIOL-UI 1^“AL%-EOL.\K CELL") CARCINOMA OF LCNG ooo 

The diasnosis of bronehiolar earc-inoma was established by lung biopsy^ The 
patient ^ed soon thereafter and complete post-mortem examination confirmed 
the diannosis. There were vddespread local and distant metastases. 

The similarity of these three eases was striking and it seemed highly 
likely that metastases in the third ease had taken place from a solitary 
prim'ary lesion. The literature on this subject was reviewed and it failed to 
yield convincing evidence to support a number of commonly held opinions 
pertaining to these tumors. Particularly and most importantly, it has not 
been clearly shown that this neoplasm is of muliicentrie origin: on the con- 
trarv. there is a substantial array of data that would indicate that these 
carcinomas arise from a single primary lesion from which they spread to other 
sites as do most malignant tumors.-'- In an attempt to clarify some of the 
moot points concerning this disorder, which has been termed “the mystery 
disease,"” a study of all available material concerning bronehiolar carcinoma 
was undertaken. 


M-^TEKLVL.s 


The pathologic material at the Armed Forces Institute of PathologA-, 
comnrising a group of 39 clear-cut examples of bronehiolar carcinoma, was 
studied. Nine cases from the Institute have been previously reported by 
Swan’- and one by Freedman.-' Those cases are excluded from tliis report. 
Four personal cases and fotir collected from other sources hove been added. 
Thus there has been provided a group of 37 hitherto unreported cases of this 
entity for review. Reports of 120 patients with this tumor have appeared in 
the literature since the publication of Swan’s paper in 1949. He covered the 
literature through 1947. Swan'- reported 9 cases and collected 27 winch were 
not included in the re\-iew published by Neubuerger and Geever'- in 1942. 
The latter authoi-s had remewed the literature up to 1942 and had collected 
2.5 cases which they felt represented unmistakable gross and microscopic exi- 
dence of “alveolar cell rumor." 


One huncired eight or the cases which we have collected from the litera¬ 
ture have been abstracted and analyzed. Three cases reported by Drymalsld. 
Thompson, and bweany-- and one reported by Graham and Delarne’^ were 
madvertently misplaced and overlooked when the statistics were compiled 
and the graphs constructed. Three eases reported by Tillett and Hirsch-' 
did not come to our attention until after the statistical studies had been com¬ 
pleted. Five cases reported by Fisher and Holley"- did not appear in the 
literatoe until after the graphs had been drawn. These twelve cases are 
thereiore not included in the statistical studies. The -37 cases reported here 
have been added to the 105 collected cases to provide a group of 145 patients 
xor statistical study. 'Where their data permitted, the 24 eases reviewed bw 
Neubuerger and Geever.'-^ the 27 collected hy Swam- and the 9 reported bV 
^ added to our material to make a total of 205 eases available 

xor srati^cal analyses. One of the cases collected bv Xeubuercrer and 
Geever. .hat oi Fried, has been e.xc-luded because its authenticitv has been 
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denied. To our knowledge, this includes essentially all unquestioned cases of 
this disease which have appeared in the literatui'e from the first case report l).v 
ilalassez'-^ in 1876 to the present time. 


NOMENCLATURE 


In searching the literature for accounts of these tumors, one is impressed 
by the diversity of opinion regarding the benignancy or malignancy of the 
condition and its site of origin as well as by the conflicting claims of the 
proponents of sundry theories of etiology. No doubt this confusion has led 
different authors to select a varietj' of names by which to designate these 
neoplasms. Liebow® has comiiiled a list of thirty-six names hy which these 
tumors have been called, and a considerable number which he did not include 
have been found in the literature. The sheer multiplicity of this nomenclature 
appears to reflect the lack of knoAvledge of the histogenesis of what appears 
almost certainly to be a single group of tumors. The term “bronchiolar car¬ 
cinoma” has been adopted for the following reasons: 1. Carcinomas must, bv 
defihition, arise from epitheliinn; 2. an epithelial lining of the pulmonary 
alveoli has not been proved. On the contrary, there is a considerable weight 
of opinion, with which we concur, that the alveoli are not lined by epithelial 
but by mesenchymal cells; 3. bronchioles, on the other hand, are definitely 
lined by epithelium and therefore, from the histologic standpoint, certainly 
couM serve as the site of origin of these tumors; 4. our own histologic studies, 
as well as those of numerous others, led us to eonclude that the bronchioles 
are, in fact, their starting point. 

The importance of the controversy which has raged as to the alveolar 
versus the bronchiolar origin of this group of neoplasms has been lessened, 
if not completely obviated, by the observations of Oppenheinier,^^ who feels 
that the doctrine of absolute specificity of the germ lajmrs must be abandoned. 
She quotes Brachet-” as stating, “In reality the germ layers like the blasto- 
meres haA’e an actual potentiality and a total potentiality; the former is what 
they normally become, the latter is what they are capable of forming, m 
addition, under diverse natural or experimental influences.” Liebow® has 
pointed out that the distinction between the alveoli and the bronchioles as the 
site of origin may be somewhat fatuous as shown by Waddell’s"’ observations 
which suggest that the epithelium lining the bronchioles may itself be of 
mesodermal origin. The important fact from the clinical standpoint is that 
these lesions arise •periplicralUj. Whether from the alveoli or the bronchioles 


is largely a matter of academic interest. 

There is strong evidence that the terra pulmonary adenomatosis, implj’ing 
as it does a benign lesion, is likely to be misleading and we feel that its use 
should be abandoned. Those who continue to employ that terminology ac¬ 


knowledge that metastases are seen in a significant percentage of cases,-" 
even in those patients whose tumors appear histologically benign. Furthei- 
more, not infrequently histologically benign and malignant areas are fonne 
in different portions of the same specimen, as in the cases reported 
and Hoyle,=* Wood and Pierson,^* Laipply and Fisher,and others.’" 
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Serial sections in such cases have shown iinperceptihlc merging of one into 
the other in some instances, and abrupt changes from benign to malignant in 
others. 'iVhatever the diagnostic title selected, it would aiipear most desirable 
that common agreement be reached on an acceptable name for this group of 
tumors. Such an agreement would facilitate statistical reporting and would 
make more readily accessible reports in the literature pertaining to these 
lesions. Liebow^ 'has adopted the term bronehiolar carcinoma and this 
nomenclature is also favored by Stewart.-” 

Swaid^ prefers that the term “pulmonary adenomatosis" be reserved for 
tumors which fulfill the following criteria; (1) alveolar-cell proliferation, 
characterized by the appearance of tall mucus-]U’oducing cells: (2) absence of 
an intrinsic tumor of the bronchial tree; and (3) absence of primary adeno¬ 
carcinoma of any other pai’t of the body. For those tumors which metasta.size 
in addition, he coined the term “cancerous adenomatosis.” Obviously this 
classification did nothing to lessen the confusion which already existed. 
Furthermore. Swan’s diagnostic ei-iteria would appear to be in need of re¬ 
vision. It is interesting to note, as a matter of fact, that in three of the cases 
reported by Swan” the criteria which he himself proimsed U'erc not fulfilled. 
Those three patients were not autopsied atid one cannot he certain, therefore, 
that they did not have adenocarcinoma elsewhere in the body. 

At the time when the diagnosis of this neoplasni was made almost ex¬ 
clusively at autopsy, the criteria proposed by Swan may have been practicable. 
Today, however, the diagnosis is often made by cytologic examination of the 
sputum or histologic study of the resected .specimen. In addition the fact 
that these tumors are formed by alvcolar-cell proliferation is far from proved. 
There is strong evidence to indicate, on the contrary, that the lesions have 
their inception in the basal cells of the terminal bronchioles. Although 
usually composed of tall columnar cells, they may be low columnar, or even 
euboidal in type. Finally, mucus production is not an essential feature of 
this neoplasm. :Many unequivocal examples of this tumor have produced little 
or no uracus. The follo-\mng diagnostic criteria would appear more applicable 
to-the lesions under discussion; (1) a tumor characterized by alveoli lined by 
epithelial cells of columnar or cnboidal tjqje with eosinophilic cytoidasm and 
basally placed nuclei; (2) preservation of the pulmonary architecture; (3) 
absence of an intrinsic tumor of a bronchus; and (4) absence of evidence of 
primary adenocarcinoma in any other part of the body. 


HISTOGENESIS 

Passler, according to Fried,^^ was the first to give a comprehensive dis¬ 
cussion of the origin of the cancer cells in bronehiolar carcinoma. In 1896 
he reviewed 54 eases of lung cancer, of which he concluded 47 originated in the 

histogenesis could not be established. 
In 1.1- Alder published his monograph in which he reviewed 374 eases of earci 
noma of the lung He stated. “It is now held that carcinoma starting from the 
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Bell/* Ham and Baldwin/® Ikeda/^ Sims/® Slaeklin/® and others believe 
that the epithelium in tlie fetus undergoes desquamation before tlie sixth 
month but that an occasional cell is left attached to the septal wall, pro¬ 
liferating in times of stress or strain on the alveolar epithelium. These authors 
were of the opinion that these septal cells, epithelial in nature, give rise to 
alveolar-cell tumors. The evidence in favor of an epithelial lining of the 
pulmonary alveoli has been ahl 3 * summarized bj’ Delai'ue and Graham,who 
concluded that such a lining does exist and that “alveolai’-cell carcinoma” 
probabl.y takes its origin there. Herbut,^® Smith and Gault,“ Simon, 
Sweanj',**® Bliss,and Casilli and White'® do not accept the alveolar origin of 
these tumors but rather believe them to arise from the lining of the terminal 
bronchioles. Thej' base their opinion on the following premises: 1. There is 
no epithelial lining of the alveoli. 2. These tumors can be seen extending from 
bronchioles io alveoli, and 3. Histologicallj’’, the cells resemble the lining cells 
of the normal bronchiole. 

Herbut’® states that primarj' carcinoma of the lung arises from the basal 
cells of bronchi or bronchioles and further differentiation or lack of dif¬ 
ferentiation determines the distribution of these cells in relation to the rest 
of the puImonar3' parench.vma. If the tumor forms cuboidal or columnar 
cells, thej' will line the alveolar septa in accordance with their inherent 
propentj' to line spaces and so will produce the well-known alveolar distribu¬ 
tion. 

Our studies have shown no evidence of multicentric origin of the tumor 
within the lung. AYe believe the overwhelming evidence favors the um- 
centric origin from the lining of the terminal bronchioles with spread to other 
portions of the lung bj' waj’ of the air passages following slough of the tumor 
cells, as well as bj’' waj^ of the Ijmiphatics and the blood stream. Multiple 
primnvy cancers can and do occur, of course, particularlj’- in paired organs. 
The burden of proof, however, lies with the one who contends that multiple 
lesions of an identical histologic type represent primary tumors rather than 
metastases from a single source of origin. Dr. Evarts Graham’"’ is one of 
manj' who is firmlj’’ convinced that this tumor is of multicentric origin, and 
he and Delarue have set forth clearlj’- the evidence on which that conviction 
is based. 

ETIOLOGY 

There is a striking morphologic resemblance of bronehiolar carcinoma ni 
man to jaagsiekte, an infectious disease in sheep. Jaagsiekte, a South African 
word derived from the Dutch, is* the name given pulmonarj^ adenomatosis 
when seen in sheep. The name means “driving sickness,” and the symptoins 
appear in sheep when the.v are driven some distance. A virus etiology is 
strongty suspected since the disease is easily transmitted by housing infectec 
sheep together with healthj' sheep. Experimental transmission of the disease 
has been generalty unsuccessful. Shepherds do not acquire the disease; hou- 
ever. several possible exceptions have been recorded. Histologicall.v, t ic 
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lesions seen in jaagsiekte are composed of alveoli lined liy a regnlar layer of 
noneiliated, high cuboidal epithelium, often papillary in nature, with promi¬ 
nent interstitial fibrosis. The stroma is seldom invaded. Aynaud and his 
associates'” reported a ease of jaagsiekte in sheep in which metastasis to 
mediastinal and hilar nodes occurred. These findings were later confirmed 
by Dungal and his co-Avorkers.'" There is no evidence to indicate that bron- 
chiolar carcinoma in man is an infectious disease. Efforts to transmit the 
disease from man to laboratory animals have been .unsuccessful. No causal 
relationship betiveen the infectious disease in sheep and the malignant process 
in man has been shown, although a few reported cases of human bronchiolar 
carcinoma have been exposed to sheep ill ivith a pulmonary disoi der. 

Campbell'” observed primary pulmonary tumors in mice ivlien they wei’C 
exposed to dust and tars of various kinds. He beliei'cd the tumors originated 
from alveolar cells ivliich ivere origiiiall 5 ' benign and became malignant fol¬ 
lowing continued irritation. The carcinogenic effects of urethane, dibenz- 
anthraeene, and other carcinogens in laboratory animals have been generally 
accepted. When these carcinogens are given subcutaneously, intraperitone- 
ally, or intratracheally in susceptible mice, 100 per eent develop multiple lung 
tumors AAnthin four months. The histologic structure of these induced tumors 
is similar to the bronchiolar carcinoma seen in man. Hetastasis to hilar nodes 
has been described. Eenew of the reported cases and those in this series fail 
to suggest a close etiological relationship between any of the common irritants 
and bronchiolar carcinoma. The necessity for caution in the application of 
results obtained in laboratory animals to disease processes in human beings 
is well recognized. 

PATHOLOGY 


G7-OSS .— (Pig. 5.) Bronchiolar carcinoma consistently begins in the periph¬ 
eral portion of the lung. The tumor frequently presents as discrete nodules 
var 5 dng in size from several millimeters to ten centimeters in diameter. The 
nodules are usually irregular in outline with sharp borders demarcating them 
from the adjacent lung tissue. In some instances there is a coalescence of the 
nodular masses, giving a striking resemblance to the stage of gray hepatiza¬ 
tion of lobar pneumonia. On cut section, the surface var'ies from gray-tan to 
yellow-bro^vn and is moderately firm in texture. JIucus often exudes from 
the sectioned tumor. Cavities nithin the tumor are rarely noted. Large 
gross areas of atelectasis are seldom seen but irregular focal areas of atelec¬ 
tasis adjacent to the tumor are frequently present. 

A constant gross finding is the absence of primary involvement of the 
major bronchi. In rare instances where the tumor had groAvn to lar«-e size 
late in the course of the disease, the bronchi may be secondarily invaded bv 
the surrounding tumor. Frequently, the nodules extend to the pleura Avhere 
they appear as slightly raised, umbilicated masses. Pleural effusion is fairlv 
common and is often serosanguineous in character. ^ 


. 6 to 15.) Tie hietologic structure of btonoMolur ear- 

emom. .a claraeter.alie and diatinct. The tumor is comoosed of alveolUined 
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by cells which are usually tall but tliey may be of the low eolunmai oi evea 
cuboidal type. The cytoplasju is eosinophilic. The nuclei are located basally 
and are round or ovoid in shape The cells are almost always nonciliated and 
are attached at their base to the unaltered alveolar wall. In at least tliiee 
reported instances the lining cells have been ciliated. The aichitectuial 
pattern of the lung is seldom interrupted, the tumor cells appealing to out¬ 
line the lumiua of the alveoli and terminal bronchioles In general, the 
growth pattern is remarkable for its nnifoimity. Chavacteiistieally the tumoi 



■pig 5—Gross specimen of a lung^ shoning- tlie tjpical appearance of bronchiolar carcinoma 
Multiple small subpleural nodules are %\ell sllo^^n 

is made up of well-diffeientiated cells withoiit anaplasia, but lesions with moic 
malignant features are encountered and the histologic picture may vaip^ in 
different portions of the same tumor. Mitotic figiues aie rare in the typica 
case. The tumor cells show papillaiy foimation within the alveoh and fie- 
quently desquamate into the alveoli. Miieicaimine stains nsnally, but not 
invariabb', leveal mucin pieseiit within the cytojilasm of the tunioi cells as 
well as in the extracellular spaces Vacuoles of varialile size in the cytop asm 
are proved to contain fat when diffeientially stained with Sudan III. 
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Fig 13 


Fig 10—Hlgh-po^\er mqw sho^\ing desquamated tumor cells (X570) 

Fig 11—Section showing area of anaplasia with occasional signet ring cells (X570). 
Fig 12—Focal area of metastasis in li\er from bronchiolar carcinoma (XSO) 

Pig 13 .—Giant- and spindle-cell \anant of bronchiolar cannoma (X570). 
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The stroBia of the pulmonary septa may he normal or contain an in- 
creased number of thick collagen fibers. Elastic fibers are inconspicuous.^ 
Foci of inflammatory cells, the majority of ivhich are poljnnorphonncleai 
neutrophils, are most commonly associated with foci of necrosis. Anthiaeotic 
pigment is occasionally phagocytized by the tumor cells. 
are infrequently found in sections of the tumor and, when present, aie usuallj 

surrounded by tumor cells. 



Fjff 14. Fig. 15. 

Fig 14—Bronchiolar caicinoma in which desmoplasia (upper left) is a prominent fea¬ 
ture (X76). 

Fig. 15.—^High-power view’ of desmoplastic reaction adjacent to the tumor (X570). 


Lymphatic immsion of the lung is demonstrable in sections from over 
50 per cent of the eases. Small nests of tumor cells are conspicuous in the 
perivascular lymphatics. Clusters of tumor cells are frequently found lying 
free in the alveolar spaces in the tumor-bearing area as ivell as in distant 
portions of the bronchial tree. Intrapulmonic spread Avonld be expected to 
occur when malignant cells are inspired into the air spaces and there set up 
new growths on the alveolar septa. 

The review of eases in this series which had been diagnosed as pulmonary 
adenomatosis showed no significant changes in gross and microscopic findings 
from that seen in hronchiolar carcinoma. Examination of the hilar and 
mediastinal lymph nodes in cases of so-called pulmonary adenomatosis re¬ 
vealed the presence of metastatic tumor. In vieAV of the evidence that this 
tumor does metastasize locally within the lung and to lymph nodes and other 
organs, the use of the term “pulmonary adenomatosis” no longer seems ten¬ 
able, and the tumor should he classified as bronchiolar carcinoma. 
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CLINICAU FEATURES 

Incidence .—It has been variously estimated that this tumor constitutes 
between IY 2 Juid 5 2 )er cent of all pulmonary carcinomas. It appears that the 
latter figure is more nearly correct.^®’ In our experience the incidence 
has approximated 5 per cent. There is conclusive evidence to indicate that 
these tumors are frequently reijorteel as iieripheral adenocarcinoma, and it 
appears almost certain tliat tliis tumor is not as rare as it is reputed to be. 

Racial Incidence.—A vast majoritj’’ of the reported eases have occuiTed 
in the Caucasian race (Fig. 16). Among 205 patients, the race was given for 
316, of whom 111 (95.7 per cent) Avere Avhite. In view of the fact that a large 
jrercentage of the reported cases have been from this countiy, Avhere Cau¬ 
casians constitute aiHAroximately 90 per cent of the poinilation, it appears 
that these tumors exhibit no racial predilection. 


RACIAL INCIDENCE 


SEX INCIDENCE 




ALL CASES PRESENT SERIES 
IZD3) I3T) 


Fig:. IG. Fig. 17. 

Figs. 16 and 17.*—The number of patients on which these and tlie succeeding graph are 
based will vary from graph to g/aph. This is necessitated by the fact tliat reports of case5 
collected from the literature varied in their completeness and all of the desired data were 
not available on each of the cases. 


Sex Incidence. —JManj' autliors have observed that bronchiolar carcinoma 
occurs with approximate equal frequency in ivomen and men.®’ 

Among the 205 cases analyzed, the tumors were in men in 119 instances (58 
per cent), in ivomen 84 times (41 per cent); the sex ivas not indicated in the 
two case reports (1 per cent) (Fig. 17). These figures are in sharp contrast 
to those applicable to bronchiogenic carcinoma. Avhere a strong predominance 
in male patients has been clearly established. Various reports hai'e indicated 
that the ratio of male to female among iiatients Avith bronchial carcinoma i.s 
at least 5 to 1 and may be as high as 10 to 1. It is generally helicA’ed that at 
least 80 per cent of the cases of the common forms of lung cancer occur in men. 
If one Avere to exclude the 37 cases reported herein from those collected from 
the literature, the I'esidnal group of 166 patients Avonld consist of 88 men 
and 78 Avomen, an almost equal sex distribution. The 37 iicav cases included 
in the present report reiu’esent chiefl 3 ' militaiy personnel or veterans, thus 
comprising a selected gi’oup consisting principallj" of men. These figures 
firmh" substantiate the belief that there is no real sex ])redominance in 
bronchiolar carcinoma. 
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Age Incidence .—^The youngest patient reported with hroneliiolar earcinoina 
was a boy of 16 and the oldest, a man of 89 years. The average age was 54 
years and the median age also 54 years. Fifty-four per eent of the patients 
were between the ages of 40 and 60 years, and 85 per eent fell in the age 
group of 30 to 70 years (Fig. IS). These patients were therefore ]ire- 
dominately in the so-ealled ‘‘cancer age’" and the age ineidence of this neo¬ 
plasm does not differ materially from that of bronchial carcinoma. 

Fig. IS. 

AGE INCIDENCE 


6B 
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AGE IN YEARS 


SYMPTOMS 
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if at all, in the original case reports collected from the literature, the figures 
on this graph must be interpreted as representing relative rather than 
absolute values. For example, cough, which is vuthout question the most 
frequent sjnnptom in patients with this tumor, was specifically mentioned in 
only 107 (70 per cent) of 154 patients. The percentage values in our group of 
37 patients reflect more accurately the time incidence of the various symptoms. 
These data were obtained from the iiatient’s original clinical records. The 
most common sj’mptoms, in approximate order of frequency, are cough, 
sputum, dyspnea, chest pain, weight loss, hemoptysis, weakness, fever, 
anore.xia, and pain other than in the chest. 

It is note'worthy that 11 patients (7 per cent of 154 eases) had no symp¬ 
toms. In these individuals the lesion was accidentally discovered on routine 
chest roentgenograms, and the diagnosis was made on histologic studj' of the 
excised tumor. There is reason to believe that the prognosis is much better 
in this group of patients than in those who sought medical care because of the 
pi’esence of sy'^mptoms. 

The character and degree of the cough in these patients was highly 
variable. In general it was not of the harassing type and was usually pro¬ 
portionate to the amount of sputum production. In a fairly large percentage 
of patients the cough was dry; in a majority of this group it vms described as 
mild or slight. 

The production of sputum, the second most common symptom, was 
encountered somewhat less frequently than cough. Numerous patients raised 
no sputum and the amount and character showed great variation among the 
patients whose cough was productive. 

Dyspnea, a common symiptom in the group as a whole, was not usually 
seen early in the course of the disease. The presence of dyspnea almost ia- 
Amriably indicated an advanced process with widespread pulmonary involve¬ 
ment. The degree of the dyspnea was most often directly proportional to the 
extent of the tumor, reflecting the degree of diminution of normally function¬ 
ing lung tissue. 

Chest pain, indicative of pleural involvement, was not an uncommon 
complaint. The pain was usually mild to moderate in character, rarely ex¬ 
cruciating, and was definitely’- z'elated to respiratory movements. 

Weight loss, next in frequency, was also a late manifestation. It is, m 
fact, remarkable how few sy'stemic symptoms these patients present until the 
disease process is far advanced. In general, weight loss was observed onl.v 
after cough, expectoration, and dy^spnea had become prominent. The majority 
of patients maintain an excellent nutritional status until they approach the 
terminal phase. 

Hemopty’sis is by no means as rare as some authors have considered it to 
s, 1 C. 50,51 rather often the first syimyitom, although the amount was 

usually'- small, often no more than streaking or pink-tinged sputum. Frank 
hemorrhages of serious degi’ee rarely occur. Weakness, seen only in advance 
disease, usually^ accompanies the onset of dy’Spnea and weight loss and like 
those symptoms does not make its appearance until there is massive pulmonaiy 
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iiivolvemoiit. Fever, olthou^li inentiouecl in 9 per cent of the cRseSj is not 
R charRcteristic feRture. ^lauy of these patients die of o terminjil pneumonici 
and the presence of fever commonly denotes the presence of a snppurative or 
inflammatory pnlmouary complication. Anorexia, a very late symptom, 
appears only -when dyspnea has become marked. A majority of patients re¬ 
tain a satisfactory appetite until just before death. Extrathoraeic pain, 
mentioned in 6 per cent of patients, although occasionally attributable to an 
vun-elated cause, almost always denoted a distant metastasis. Cyanosis occui-s 
only terminally. 

A review of these symptoms makes clear their completely nonspecific 
character. Nothing in the sjnnptomatology is characteristic of brouchiolar 
carcinoma; the symptoms are rather those of any extensive chronic pulmonary 
disease. This point is emj)hasized by the fact that the most common clinical 
diagnosis in these patients was pulmonary tuberculosis, followed (not neces¬ 
sarily in order of frequency) by such conditions as sarcoidosis, silicosis, 
bronchopneumonia, metastatic carcinoma, fungus disease, bronchiectasis. Hodg¬ 
kin's disease, and atypical pneumonia.'-’ 

Plitjsic^l Signs .—There are also no physical signs that are characteristic or 
even highly suggestive of brouchiolar carcinoma. Those abnormal findings 
encountered will depend upon the location, character, extent, and distribution 
of the disease and upon the presence or absence of complications, such as 
pneumonia. The great variation of the physical findings from case to case 
makes it virtually impossible to tabulate the abnormal signs seen in patients 
■nith this neoplasm. Furthermore, no useful purpose would be served by re¬ 
counting the findings on physical examination described in the individual 
case reports. 


AMOUNT AND CHARACTER OF SPUTUM 
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to the sputum was sufS- 
The results are shown in 
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It has been emphasized repeatedly that this disease is characterized by 
the production of large amounts of clear, frothy sputum, l)ut this point is 
scarcely borne out by the available data. Only 27 of 100 patients (27 per 
Cent) raised more than an aA-erage of 90 c.c. in tAventy-four hours. It is true 
that a number of jjatients 23i'oduced fantastic quantities of sputum. For 
example, Pox'^^ mentions a jraticnt AA'hose sputum production amounted to 3 to 
4 quarts (2,839 to 3,785 c.c.) dailJ^ Kennamer’s'” patient raised 3,122 c.c. 
(3.3 L.) in one tAvelve-hour period and usually brouglit up 2 to 3 pints per 
day. Kern, LeAvinsky^, and Curran”® report a patient avIio, in less than four 
months, spat up 78.2 L. of exjoectorate (some 20 gallons of fluid), far exceed¬ 
ing his body Aveiglit of 67.1 kilograms. Sputum production reached nearly 
2,000 c.c. in some tAventy-four hour periods and often exceeded the urine 
output. The patient reported by Re.v and Rubenstein®” raised 1,500 c.c. daily, 
and Wood’s®' patieiit produced up to 1 quart (946 c.c.) a day. 

It is obvious that, if long continued, a huge daily sputum output Avill 
result in serious fluid, electrolyte, and protein depletion. These outstanding 
examples of scA’ere bronchorrhea are scarcely characteristic, hoAVCAmr, of the 
tjqncal patient Avith this tumor. Of the patients, 17 per cent had no sputum, 
and 56 i)er cent raised less than 90 c.c. daily. Thus the sputum in'oductiou 
varied from none to moderate in quantity in 73 of 100 patients. The character 
of the sputum has been described as clear, Avatei-y, glairy, frothy, mucoid, or 
resembling pale soapsuds. This description of the typical sputum may be 
accepted as an accurate one, for it Avas of this type in 71 of 83 patients Avhose 
sputum Avas adequately described. Only’ 12 of 100 patients (12 per cent) 
raised mucopurulent or frankly’ purulent sputum and in a majority of these 
indiA’iduals complications, such as bronchiectasis or bronchopneumonia, Avere 
present. Only’ 1 of 100 patients had excessively’ large quantities of purulent 
sputum. 

Ilevioptysis. —A number of Avriters on the subject of bronchiolar car¬ 
cinoma luiA’e stated that hemopty’sis rarely occurs.®’ Such is not the 

case. The patients in Avhom adequate data concerning the sputum Avere avail¬ 
able have been aiialy’zed as to the presence or absence of hemopty’sis and the 


results are given in Fig. 21,'' 

It Avill be noted that blood-sjutting occurred on one or more occasions 
in 35 of 71 jjatients (49 per cent) in Avhom hemopty’sis Avas specifically 
mentioned as to its ijresence or absence. Since blood Avas definitely’ raised by 
35 of 100 patients Avliose sputum Avas described at all, it occurs in at least 


35 per cent of patients Avith this malignancy’. Furthermore, it scarcely can 
be assumed that none of the 29 patients in Avhom hemopty’sis Avas not directly 
mentioned never spat blood during their illness. Hemopty’ses AV'ere usually 
small but often occurred repeatedly’. This sy’inptom is not necessarily’^ a late 
one. In a number of reported cases as Avell as in several patients in this 
series, hemoiAty’sis Ai’as one of the earlier comiflaints.'’’’ 

Duration of Symptoms .—The prcA’ailing opinion appears to be that bion- 
ehiolar carcinoma is a sloAA’ly’ progressiA’e chronic pulmonary’ neAv-gi'ow’th Avhic i 


•AVatson and Smith did not describe Uje sputum, in their paUents 
not included in this grapli. Tliey mentioned hemoptysis in 9 of tlieir 99 paitm 
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is not a debilitating disease nutil very late, that it gives rise to remarkably few 
systemic symptoms, and usually kills by the sheer extent of the piilmonary 
involvement.'^- This impression of its chronicity is well substantiated 

by the reported figures. The clinical data permitted analysis of 151 P«lients 
hi respect to the duration of symptoms. The results are shown in I’lg. 

The duration has been calculated from the time of onset of symptoms 
clearly attributable to the disease to the date of death if the patient died, to 
the date of operation if resection was carried out and the patient has re¬ 
mained free of symptoms post operatively, and to the date of the last report 
of patients with recurrent or persistent symptoms with or without surgery. 


DURATION OF SYMPTOMS 


HEMOPTYSIS 



PRESENT ABSENT NOT STATED 

Fir. 21. 


SO 

E5 


^ PRESENT SERIES 



0-3 3-6 6-E 12-24 24-48 48 + 

MONTHS 


Fig. 22 


It is entirely possible,that the criteria have been too rigid in evaluation of the 
patient’s symptoms and the average duration of s.T'inptoms may be longer 
than the figures in the above graph would indicate. In a number of reported 
cases as well as several of our ouni, symptoms snggesth'e of a pulmonary 
disorder were present considerably longer than we have indicated. It has 
been deemed advisable, however, to date the duration from the time of the 
appearance of symptoms which unthout reasonable doubt can be ascribed to 
the neoplasm. On that basis, symptoms were present less than six months in 
only 30 per cent of the patients. Their duration exceeded one year in 41 
per cent and two years or more in 34 patients or 23 jier cent of the group 
analyzed from this standpoint. Tlie 45 patients whose symptoms were of 
relatively short duration inelndes those who never had symptoms as well as 
many of those who received the benefits of early excisional surgery. 

ROEXTGEXOGKVeHIC FIXD3XGS 

1 alentine and IVymi-lYilliams,^’’ in summarizing the clinical and radio¬ 
logic features of three eases which they reported, stated that “the clinical and 
x^diological appearance of these three patients are typical of those hitherto 
described in that they are iinalike, suggestive only in their variability and 
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undiagnosed before death.” Their statement adequate!}' summarizes our 
own iini^ression of the roentgenographie findings in iratients with bronchiolar 
carcinoma. 

One hundred fifty-three eases, including tliose reported here, hare been 
collected in which the chest roentgenograms were illusti'ated, available for 
review, or in which the x-ray findings were described in sufficient detail to 
permit their classification. To diagram them all accurately would require an 
impractical number of drawings. It has been possible, however, to devise 
twelve diagrammatic figures which depict with reasonable accuracy the radio- 
graphic ijicture presented by these lesions. The diagrams are shown in Fig. 
23. 

Bilateral nodular lesions, varying in size from a millet seed to a cherry, 
rounded in contour but with indistinct margins fading imperceptibly into 
the surrounding lung and involving all lobes of both lungs, often have been 
said to be characteristic of this variety of lung cancer. Fortunatel.v, this 
hopeless picture is encountered in but 20 per cent of patients at the time of 
the first chest x-roy film which demonstrates their lesion. The fact that these 
tumors are first observed as a solitary peripheral nodule in 26 per cent of the 
patients provides ample reason from considerahle optimism. More than two- 
thii'ds of the patients shoived unilateral lesions on their first radiographic 
examination. 

In slightly over one-half of the entire group the tumors were apparently 
confined to one lobe at the time of their cb'scovery. A pleural effusion was 
present on the occasion of the initial examination in 8 per cent of the 
patients and this often obscured the primaiy pulmonary lesion. It must be 
borne in mind that these illustrations are purel}' diagrammatic; in actuality, 
the sharp distinction between the diffuse consolidated typ)e of disease and 
that presenting as multiple nodules, as dei^icted, is distinctly uncommon. 
Far more frequently, areas representing each of these types are simultaneously 
present and they fade into one another. Sufficient coalescence of multiple 
nodules gives rise to a homogeneous density. A complicating pneumonia will 
produce the same picture. Although classic examples of the diffuse and 
nodular types are occasionally encountered, the}' are the e.xception rather 
than the rule and represent but a stage in the disease process. Separation of 
the lesions in these patients into the two types seems to be a purely artificial 
di^dsion, dependent almost solely upon factors such as the stage at uliich the 
patient is observed and the presence or absence of complications. In tins 
connection it is interesting to note that in the case described by Malassez,-^ 
the first example of this entity to be reported and the prototype of the nodular 
form of the disease, there was present, in addition to multiple nodules, diffuse 
consolidated areas. Furthermore, Musser’s'^ case, the first patient with the 
diffuse form to be I'eported, presented multiple nodules as well as diffuse 
consolidation. 

Nodular lesions eventually coalesce in iiatients who survive sufficientl.v 
long to permit this to occur. Serial films frequently demonstrate marlied 
changes in the radiograpliic picture. It can be concluded, therefore, that 
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1LL-DEF^^£0 AHEA 

OF pneumonitis in a 
single lobe (6%) 




BILATERAL NODULAR LESIONS 
ALL LOBES f2D%} 


UNILATERAL NODULAR 
INFILTRATIONS INVOLVING 
ONE OR MORE LOBES 


CONSOUDATION IN ONE AREA 
VflTH NODULAR DENSITIES 
ELSEVIKERE ISi} 



CONSOUDATION OF A LUNG 

WITH contralateral 
NODULES O'*)) 



CO"«OUDATION OF ALL OR 
PART OF A LOBE Hfe?.) 



CONSOUDATION or EXTIRE 
UUKC I#!;; 


Fig- 23 —Diagrammatic outline of the lesions seen in the chest 

iiitli bronchiolar carcinoma at the time of their first radmgriphfc e4m^ltion 
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there is no ciiaracteristic x-ray appeai’ance of bronchiolar carcinoma. The 
disorder may mimic almost any variety of pulmonary lesion; a small number 
of patients have even shown cavitation on x-ray examination. It is an un¬ 
fortunate fact that those patients exhibiting the most suggestive picture are 
those with far-advanced bilateral lesions. In this situation the diagnosis is a 
matter of interest but not of importance, for the prognosis in such patients 
is utterly hopeless. 

aiETHOD OF DIAGNOSIS 

Although this tumor was first described by IMalassez^^ seventy-seven 
years ago, until fairly recently the diagnosis was made only at post-mortem. 
The diagnosis of this neoplasm rvas first made in a living jiatient in 1936 when 
SkorpiP“ did a left upper lobectomj' for a lesion which proved to be a bron¬ 
chiolar carcinoma (“alveolar epithelial carcinoma”). AA further cases were 
diagnosed ante mortem until the resection by Wood and Pierson in Februaiy, 
1943. They removed the left lower lobe for a pulmonary lesion of uncertain 
type. Histologic examination showed it to be a bronchiolar carcinoma. 
Graham'^'’ performed lobectom.v in June, 1943, for a similar lesion, the third 
patient with this neoplasm to be treated surgicalljn Among the cases which 
we have reviewed, the method of diagnosis was clearly stated in 146 instances. 
The diagnostic methods are shown in Fig. 24. 


method of diagnosis 

146 PATIENTS 



The increasing efficiency of the diagnostic methods now employed m 
patients with this malignancy is evidenced by the fact that although only one 
patient was diagnosed ante mortem prior to 1943, since that time at least 
patients of record have been correctly diagnosed during life. The recent 
more frequent utilization of early excisional surgery in the management of 
patients with solitar 3 ^ peripheral nodules or persistent pulmonary infiltrates 
of uncertain etiologj^ has resulted in a sharp increase in the number of 
patients diagnosed prior to death. Tliirtj’^-six patients with bronchiolar cai- 
cinoma have been diagnosed b.y histologic examination of the i-esected .speci¬ 
men. 

By far the most promising of the newer diagnostic methods is cytologic 
examination of the sputum bj^ the Papanicolaou technique. The first patien 
with this disease in whom the diagnosis of pulmonary malignaiicj v as es a i 



351 


STOREY ET AL.; BRO^'CHIOLAE (“ ALVEOU.VR CELe”) CARCINOMA OF LUNG 


listed by tins means M'as reported by Acevedo, Ginntini, and Croxatto''" in 
1914 The diagnosis was made in 1942 and Avas subsequently confirmed 
at autopsy. Hatfield and Hill“ reported a patient Avith bronehiolar car¬ 
cinoma in 1949 in whom the Papanicolaou stain was positive for malignant 
cells and again the post-mortem findings Avere confirmatory. In the same 
year Smith. Ivnudston, and Watson'” reported 4 iiatients with bronehiolar 
carcinoma in whom the Papanicolaou was Class \. Tavo of those patients 
Avere diagnosed in 1947 and tAvo in 1948. Since that time, 16 additional 
patients, including 3 repoi'ted here, AA'ith jiroA'ed bronehiolar carcinoma hare 
been accurately diagnosed as haA’ing pulmonary malignancy by cj tologic 
examination of'the sputum.^"-In other reported cases, the Papanic¬ 
olaou has been strongly suggestive of cancer.-'^- 

Papanicolaou” has noted that this tumor exfoliates profusely and yields 
abundant material characteristic of this type of neoplasni. Good and asso¬ 
ciates^” and I^IcHonald and Woolner” also feel that in certain instances cells 
in the sputum possess characteristics that Avill permit the examiner to suggest 
the diagnosis of bronehiolar carcinoma. The typical findings consist of 
clumps of columnar cells Avith a free border of cytoplasm and faiilj' regular 
nuclei. These are felt to consist of groups of cells representing papillary pro¬ 
jections Avhich have broken off and been expectorated. Fried^^ and others 
have commented upon the loose attachment of the abnormal cells lining the 
alveoli and the ease Avith Avhich they become detached. In a case mentioned 
but not reported in detail by dIeCoy,®- the specific diagnosis of bronehiolar 
carcinoma Avas suggested by Dr. Papanicolaou on the basis of the sputum 
findings and that diagnosis aa^s A’erified folloAving resection of the lesion. 
The A'alue of this diagnostic method is further emphasized by the report of 
Watson and Smith.®® The sputum of 15 patients Avho proved to haAm bron¬ 
ehiolar carcinoma aaus studied. In 9 the sputum Avas posith'e for malignancy 
and in 3 it Avas strongly suggestive of cancer. Thus in 80 per cent of this 


group the sputum Avas either definitely positive or highly suggestive of car¬ 
cinoma. These findings emphasize the necessity of repeated careful cytologic 
examination of the sputum of patients suspected of haAdng this disease. 

Among the other diagnostic methods, needle or aspiration biopsy, lung 
biopsy at open thoracotomy, and peripheral lymph node biopsy haAm each 


established the diagnosis in a small percentage of cases. Aspiration biopsy 
Avould appear to be indicated only in fai’-adAmneed cases Avith extensirm pul¬ 
monary consolidation. Thoracotomy and lung biopsy AA'ithout further re¬ 
section has been used in patients Avith Avidespread bilateral disease. Patients 
Avith lesions of this type are doomed if the biopsy shoAvs bronehiolar carci¬ 
noma ; the justification for its use lies in the hope that some condition Avill be 
found m Avhich effective therapy can be instituted. Bronchial biopsy Avould 
not be expected to yield positive results in this disease Avhich characteristically 
does not lUA-olve the larger bronchi. HoAvever, in patients in Avhom the disease 
process IS far advanced, the bronchi may be seeondarilj^ involved and a 
diauce biopsy may show histologic eAddence of the tumor. Such was the ease 

S,"■«* Ob- 
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mSTKIIlUTION OP DISEASE 

Whou the information was available, the tlislrikition of the disease 
within (he Inugs was Jotcrimueil on tlie basis of the interpretation of the 
patient’s lirst eliest roentgenograms sliowing tlie lesion. These data were 
correlated with the operatii’e findings in those patients who were treated 
siirgicallj^ In (lie remainder, the distribution "was determined on tlie basis 
of post-mortem examination. The results are shown in It’ig. 25, 

DISTRIBUTION OF DISEASE 



COMBS 

Fie. 2B. 

It will be noted that aiiproximatelj’^ 50 per cent of the patients hod bi¬ 
lateral disease at the time that its c.xtent was determined. However, those 
figures ai-e weighted by tlie fact (hat information concerning the jiatient s 
chest x-ray films was not available in many cases (there were 52 such m- 
slauces among tlie 205 iialients). Under those circnmslanccs the location 
of the lesions was deleriuined at autopsy. ‘When the involvement was iim- 
hiteral the riglit and left lungs were aficeled Tvith approximately equal fre¬ 
quency (51 and 44 times, respectively). There was no significant difi'ercnce 
in the frequency of involvement of the various lobes. The figures on tins 
graph elo not agree with the distribution of this neo}>lasm as determined 
radiographically (Fig. 23). ITowever, this graph is based on a larger series 
of patients, including many of (be earlier cases in whom the diagnosis was 
established exclnsively at autopsy. 

METASTASES 

The records of IGS reported patients and of the 37 patients in the 
present series, a total of 205, were reviewed from the standjioint of inctas- 
tases. A summary of tlie findings is given in Figs. 2G, 27, and 2S. 

Neubuerger and Geever’" have stated that metastases occur in apjiroxi- 
mately 50 per cent of patients and that in about onc-lialf of those showing 
metastases, the secondary deposits will be confined to (be mediastinal noc cs. 
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Their estimate of the incideuce of metastases is eoufirmed by our findings. 
One hnndred ten (54 per cent) of the eases revieved showed metastatic 
lesions. In 38 patients (35 per cent of those with metastases) there was 
local spread only, and 40 patients (36 per cent of the metastatic group) 
showed both local and distant spread. Thus 71 per cent of those udth 
metastases. or 38 per cent of the entire group of 205 patients, had involve¬ 
ment of the iutrathoracic lymph nodes. An extremely interesting and im¬ 
portant observation is that 32 patients, 29 per cent of those with metastases, 
or 15.6 per cent of the entire group, showed distant spread only. This 
demonstrates the frequency of blood-borne metastases. 



Fig. 26. 


Fig. 27. 


AND DISTANT 



Fig. 2S. 


(2) 
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fiequently attains a massive size, to extend locally until an entire lung is 
involved. In these eases the inilmonarv architecture is rvell preserved despite 
the total involvement with tumor. This finding’ is in distinct contrast to the 
growth characteristics of carcinoma of bronchial origin, a neoplasm which is 
typically destructive in nature. It has been predicated that in bronchiolar 
carcinoma the tumor spreads fi'om alveolus to ah'eolus by way of the pores of 
Colm.^“’ Lymph-borne spread is undisputed, having been established in 
38 jrer cent of 205 patients. We have repeatedly observed tumor emboli in 
the pulmonary lymjjhaties, as have Fried,^-’ Silverman and Angrist,-" Laipple.v 
and Fisher,and many others. The perivascular and peribroncliial lym¬ 
phatics are found to be dilated and often filled with tumor cells. The evidence 
to support the occurrence of metastases by the blood stream is unequivocal. 
We have been able to demonstrate malignant cells in the pulmonaiy A-ascular 
channels and similar findings have been recorded by Fried,Laippley and 
Fisher,^- Tillett and Ilirseh,'' and Gepts.” Thirty-five per cent of 205 patients 
shoAved distant metastases. The liAmr, abdominal nodes, bones, adrenals, 
brain, and kidneys Avere the most frequent sites of distant spread, in that 
order. It is clear that these distant metastases AA'cre most often blood borne. 
There remains for consideration the question of bronehiogenic dissemination 
or so-called aerial metastases.^®’ This matter is of critical importance 

in a consideration of these tumors. If this thesis is accepted, it Avill readily 
explain the frequency of bilateral lesions, AA'ith spread from a primary focus 
in one lung to the opposite lung, often Ai’ithout involvement of the mediastinal 
Ijmiph nodes. 

The theory of multieentric origin of these neAv-groAvths, AA’hich has never 
been adequately substantiated despite intensive study b.A' many pathologists 
OAmr a long period of years,^®"*®- might be abandoned if the concept of 
spread A'ia the air passages can be proA’ed. CoiiA’iction that these tumors arise 
unieentricall3^ AvoulcI make it logical to offer patients Avith this disease a far 
more hopeful outlook than that AA'hich thej’’ are noAV accorded. Furthermore, 
acceptance of aerial metastasis as a frequent means of spread Avould probably 
influence the tj’pe of surgerj^ performed in patients Avith this tAimor. It has 
been shOAvn that 46 per cent of patients Avith bronchiolar carcinoma have no 
metastases, even at the time of death. An additional 15.6 per cent shoAv 
distant metastases only, and 19.5 per cent demonstrate both local and distant 
spread. Eighty-one per cent of all patients therefore AA’ould receive no real 
lasting benefit from radical surgery of the tj’pe customarilj’ emploj’ed m 
treating carcinoma of bronchial origin. Bronehiogenic cancer of course bc- 
liaAms in quite a different manner. In that neoplasm, spread to the medi¬ 
astinal nodes is commonty an early finding and almost invariablj^ occurs 
sooner or later. IMetastases to the opposite lung, on the other hand, is rather 
infrequentty seen. Schuster™ has obserA'ed that it is onl.A^ to be expected that 
malignant cells should be inspired into the air .spaces and there set up 
multiple deposits on the ah-eolar Avails. Silverman and Angrist®" studied tAVO 
cases of bronchiolar carcinoma and concluded that the tumor nodules dis¬ 
persed throughout the parenebjuna AA’ere obAUOusly metastatic. AVatson and 
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c^nutli-^ Stated that metastases ^vel•e most ivequeut to the same lung, the 
ouposite Inns or Mlar nodes. Others^-have expressed the same opuuon. 
IhLell and Knox- have mentioned the possibility of spread by bronchiogenic 
cUss^emination as have many others. Papillary projections Avhich break oft 
ea^ilv are characteristic oi this disease and the loose attachment oi the aimor 
cells linin- the alveoli has been repeatedly demonstrated. The tact tha. ihej 
desquamate and are coughed up has been proved numerous rimes by studies 
of the sputum bv the Papanicolaou method.^"-"" - Herbut" has been one oi 

the strongest proponents of the unifocal origin of bronchiolar carcinoma and 
has ofe’ered evidence to suppoi-t his position that is dimcidt to refuie. 



Flsr. 2?. Fist. 3f>. 

Fi?. 2S.—Chesx x-ray film ot a T2-year-oM vronian ia a small 

bat infilirate in the left lovrer luns: field. 

Fi?. 3‘'*.—Chest romtsenorrams of the same p3ts»;nt made in 1?5‘\ The lesion seen in 

Sfi has de£nit»-!y increased in sire bet remains Tcell localized. Resection of the left lotrer 
lobe sho-^ved bronchiolar carcinoma. The paovnt is alive and apparently vrell three years later. 

Steirart-* questions the apparent multiple origin of bronchiolar carci¬ 
noma and believes that multiple foci are due rather to lymphatic spread from 
a single focus with subsequent lining of lung acini. Welleri^ is of the same 
opinion. Tillett and Hirsch'* have been able to demonsti-ate the source of 
malignant tumor emboli -svhich spread to both lungs by way of the pul¬ 
monary artery. They conclnded that the concept of a mnlticentric oriuin of 
these tumors of the lung should he discarded. There are sross and ^cro- 
scopie features in thus dKease. however, that make it difflenlt ri' not impossible 
to explam all metastases on the basis of either blood-home or Ivniphatic 
dissemination. In a pamstaMng study recently reponerl. Hutchinson- oners 
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convincing evidence that the distribution of the tumor vuthin the lung is 
determined the air passages. He feels that the ease which he studied in 
minute detail “not only establishes the extra-alveolar origin of some, at least, 
of tlie group of so-called alveolar-cell tumors but prove also that these growths 
may metastasize via the air passages.” Aerial metastases, in addition to 
spread by the blood and lymph channels, appears to be a much more logical 
explanation of the behavior of this neoplasm than the unproved theory of 
multicentrie origin. The late appearance of new lesions in the same or 
opposite lung following unilateral subtotal pulmonary resection or in the 
contralateral lung after total pneumonectomy can by no means be accepted 
as proof of a neiv primary lesion. One patient reported in this series pre¬ 
sented conclusive x-ray eA’idenee of a lesion four years before it wms resected 
(Figs. 29 and 30) and proved to be a bronchiolar carcinoma. Even at the 
time of resection it was smalt and localized. How long it was present before 
its demonstration by chest roentgenograms is of course indeterminate. 

Another patient’s lesion, a small, circumscribed, ]Deripheral nodule, re¬ 
mained stable at least twenty months and quite possibly considerably longer 
(Fig. 1). The known duration of the disease has been at least seven or eight 
years®^ and probably longer (eleven to fifteen years) in a number of cases.'" 
In view of the frequent indolent behavior of these lesions, it would not seem 
illogical to assume that tumoi's which make their appearance months or years 
following resection usually represent metastatic lesions w’hich were present 
but undetected at the time of operation rather than hamng arisen de novo. 


TREATJIENT 

Until very recently, the diagnosis of bronchiolar carcinoma was made 
onlj^ at autopsy. In the rare case in -which it ivas established during life, the 
disease -was usually far advanced and only symptomatic and supportive treat¬ 
ment -were employed. Numerous patients in the past have been erronenusb 
diagnosed as having tuberculous and treated for that disorder; the true 
nature of the illness was revealed only at post-mortem examination. Irradia¬ 
tion and cytotoxic agents, such as nitrogen mustard, have been used in a few 
eases without proved beneficial results. Most authors who have reported upon 
the use of x-ray therapy have stated that it is completely useless in this 
malignancy.^'' 'Witliin the past few years, resection has been employe 
with increasing frequenejv This can be attributed to more accurate diagnostic 
methods, particularly cytologic studies of the sputum in patients with this 
disease, and to an increasing tendency on the part of the profession to advise 
prompt thoracotomy in space-occupying pulmonary lesions of uncertain 
etiology. There is a mounting awareness that “unresolved pneumonia’ often 
means cancer and a laudable decrease in the tendency of physicians to watch 
undiagnosed pulmonary infiltrates that could reasonably represent carcinoma. 

As a result of this aggressive policy, 49 patients with this rathei un¬ 
common pulmonary carcinoma have been treated by resection within the pas 
seven years. Hope for patients with tliis lethal disease lies exclusively m 
early excisional surgery. In order that resection may offer reasonable pros- 
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peets of a c\ire. operation must be uiulertakeii wMle the tumor is still localized 
and before the correct diagnosis may be made or strongly suspected on 
clinical grounds. If one waits until the clinical picture which some have 
considered as classic or typical is presented, the patient's fate is sealed. The 
mode of metastases of this tumor might well influence one to perform limited 
resection when surgery is undertaken. hether it is of multicentric oiigin 
or arises in a single focus from which it may spread, it does not seem logical 
to advocate total pneumonectomy for bronehiolar carcinoma except in those 
patients where the unilateral distribution of the lesions makes that operation 
mandatory. If this malignancy does take origin from multiple primary foci, 
the ad\'isability of employing surgery at all in its management might well be 
questioned.^^' 

That very question has been, in fact, raised before the American Asso¬ 
ciation for Thoracic Surgery in the recent past.®" If, on the other hand, it is 
of uidcentric origin and spreads by bronehiogenie dissemination as iveU as 
by more conventional routes, it would be difficult to defend a policy of 
routine radical surgery in its management. If an undetected metastasis has 
occurred prior to operation, the surgeon caimot divine the site to which the 
tumor has spread. It has been shown that but 19 per cent of patients with 
this disease will show metastases confined to the mediastinal nodes, while 
almost as many (15.6 per cent) wiU show distant spread only and 19.5 per 
cent will have both local and distant metastases. It is of course not possible 
to deternnne the percentage of spreads to the opposite lung, not yet visible 
by x-ray examination, which will have occurred at the time of excisional 
surgery. Li view of the high percentage of patients who ultimately show bi¬ 
lateral pulmonary involvement, there seems to be little doubt that this 
circumstance will occur rather frequently. 

Although we have treated one patient by segmental resection who shows 
no effidence of recurrence one and one-half years later and 'VTatson and 
Smith” report a patient who is alive and well more than five years after 
“Y” excision of a bi’onchiolar carcinoma, the frequency with wMch we and 
others^^' have found tumor involvement of the pulmonary lymphatics 

have led us to conclude that lobectomy is the treatment of choice in these 
patients when the distribution of the disease makes that operation feasible. 
There appears to be ample reason, in Anew of the nature of this trunor and the 


manner by which it appears to spread, to restrict resection of localized 
bronehiolar carcinoma to a reasonable minimum. The presence of mediastinal 
nodes shoAving histologic evidence of malignancy on examination of frozen 
sections in a patient AA-ithout clinical or radiographic eAddenee of spread else- 
AA’here aa-oaiIcI obviously call for a total pneumonectomy and radical mediastinal 
node dissection. Pig. 31 shoAvs the treatment employed in 155 patients. Of 
the 49 patients who have undergone resection. 24 haA'e been treated bv 
lobectomy; pneirmonectomy has been performed in 18; segmental resection 
m l and local enucleation in 3. Eight lower lobectomy was performed at the 
original operation in one case but the tumor recurred three vears later and 
the lemainder of the right lung was removed. One of the lobeetomv patients 
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underwent bilateral operations, a left upper lobectomy lieing followed after 
a short interval by right U 2 iper lobectomy and local resection of a segment 
of the right lower lobe. One of the patients treated by segmental resection 
of an upiier lobe segment also had local enucleation of a rounded lesion from 
the lower lobe on the same side. That iiatient had a recurrence in the lower 
lobe four months later and lower lobectomy was performed for tlie recurrent 
lesion. 


TREATMENT 



dead livins dead living 

FIs . 31 . Fig-. 32. 


Investigation of the fate of the 49 patients who had resections reveals 
that those who have'been treated by lobectomy or lesser operation have fared 
somewhat better than those who undemvent pneumonectomjn The patients 
who had conseiwative surgery no doubt constituted a more favorable group 
with generall 3 ^ smaller more localized lesions. We are certain of 5 patients 
Mdio are alive and well more than five j'ears after resection; 2 of these Iw'e 
been re^iorted b.y AVatsou and Smith,®* and one case each bj' Skorpil,®'' Ossei- 
man and Neuhof®^ and Delarue and Graham.Four of these patients vvie 
managed bj' lobectomj' and the other had a wedge resection. Grahams 
liatient later had the I'emaining lobes of the right lung removed. Tvo 
patients in our series who were treated bj' lobectomj^ are alive and well oiei 
three years postopei'atirely, and one man who had a segmental resection is 
clinicall.y and radiographieallj' free of disease one and one-half }"ears aftei 
surgical treatment. 

RESULTS 

Information as to the results of treatment was available in loo of the 
155 patients who were analyzed fr-om the standjioint of therapi". The resu ts 

are listed in Fig. 32. . . . 

In this graph, patients haye been listed as living and well or nmg m i 
disease on the basis of the last follow-up information. The fatal coiu.se o 
bronchiolar carcinoma is elcarlj' shown b.v the fact that 77 pei een o 


STOKET ET AL.: 


brokchiol.\r (“alveolar cell”) carclsoma of ltln-g 


359 


patients have already died and death from the disease is anticipated in at 
least an additional 7 per cent. It is important to remember, however, that 
potentially effective therapy has been employed in patients mth tins neo¬ 
plasm only m very recent years. 

FOLLOVr-UP 

An attempt has been made to obtain follow-np information on the 36 
survi^^n^ patients. The available data are tabulated in ffig. 33. 


F01_L0V1-UP OF LIVING PATtENTS (36) 



YEARS 
Fig. 33. 


Eeeent follow-up information has not been available on many patients. 
The sniATval time listed in this graph is dated from the time of operation or 
other treatment to the date of the last follow-up. The most interesting 
finding in the follow-up study was the fact that all of tlie patients living with 
disease fell into the group )\'ho had been followed two years or less after 
surgical treatment. None of the patients followed longer than two years 
showed recurrent or persistent disease. This would suggest that recni'rent 
tumors lead to a fatal termination within less than two years and, conversely, 
that patients who snirvive without evidence of disease for more than two 
yeai-s are likely to remain well. The number of patients followed is too 
small, of course, for definite conclusions to be drawn. 


sujmmRT 

The literature pertaining to an unusual pulmonary neoplasm, known 
variously as bronchiolar carcinoma, pulmonary adenomatosis, alveolar-cell 
tumor, alveolai'-ceU carcinoma, and by numerous other similar terras, has been 
reviewed. The histogenesis, pathologjv clinical features, diagnosis, and 
treatment have been discussed. Thirty-seven hitherto unrecorded eases of 
this entity are reported. The reports of 120 patients ivith bronchiolar car¬ 
cinoma which have appeared in the literature since the article by Swan^= 
have been abstracted. One hundi-ed eight of the collected eases and the 37 
cases reported have been statistically analyzed. The essential data on the 37 
patients reported herein are niclnded in Table I .Similar data on the 
patients collected from the literatiu-e are to be fotmd in Table II, 
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NI) DATE 

> 

0. 143162 

[. 

o. 1G7099 

lospital, 
lie, Ky. 

0. 189063 


0. 206491 

0. 21502G 


3. 1S6230 


cO. 

3. 204693 


Table I, SwKi\, 


DUKA- 

AGE RACE SEX TIOX SYitDTOSlS 


53 IV M 6 

77 lY F 12 

53 W U 5 


Anorexia, vomitiug. 
Pain in head, nock, 
shoulders 

Intermittent dyspnea 
and fatigue for 12 
mo. Nonproductive 
cough. Pain in 
right shoulder 
Dyspnea. Lower 
chest pain, bilateral 


I KOEXTOENOGRAPHIC | 

I FINDINGS I SI'lITl-M 

Clierr^’-sized lesion in Amount not 
right upper lobe noted. Not 

and right lower examined 

lobe 

Complete clouding of Not examined 
right lung 


Miliary soft infiltra- Fungus isoIiiM 
tions in botli lung 1 wk. prior to 
fields death. Nega¬ 

tive for Al'B 


53 W F 


GO W M 


40 W M 


35 W M 


65 W M 


3 


00 


1 


4 


Onset Jan. 1947 Disseminated niiliary- 

witli jrain in chest like patelies 
and dyspnea; cough throughout all 
with copious frothy lung fields 
sputum. Dec. 1946 
nausea and vomit¬ 
ing, anorexia and 
weight loss 
Onset 1942 with 
cough, occasional 
hemoptysis dyspnea 
on exertion; inter¬ 
mittent dull, left- 
sided chest pain 
Hemoptysis, dyspnea, Riglit hydropneumo 
pain in right chest, 


Opacity in lingula of 
loft upper lobe 


Cough, severe, be¬ 
came paroxysmal, 
more blood, then 
bettor. One month 
later symptoms re¬ 
turned and patient 
went downhill 
Gradual onset of 
riglit chest pain 
posteriorly, cough, 
dyspnea, excessive 
fatigue, weight 
loss. Tentative 
diagnosis: tubercu¬ 
losis, then changed 
to malignancy when 
wine colored fluid 
obtained from chest 
Cough, dyspnea, 
sputum streaked 
with blood (copious 
amount of sputum, 
yol 1 o wish-wh i t e). 
Anorexia .and his¬ 
tory of hemoptj-sis 
arid ASeVH with 
myocardial infarc¬ 
tion 


thorax. Only air- 
bearing tissue in 
right apex 


Pleural effusion rigid 
homithor.ax obscur¬ 
ing lung markings 


7 cm. mass in loft 
lower lobe with 
atelectasis. Bmphy- 
seiiia, left U])per 
lobe 


Negative for 
TEC. Crypto- 
eoecus found 


Negative fot 
T13C 


Negative for 
AFB, fvuiKOS 
ami Pajianieo- 
lami negative 


Negative for 
AFB 


Smear and e- 
tore neg. re¬ 
peatedly for 
AFB and 
fungi 
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, AXD LAAVEEXCE 


OF 

IS 

author’s 

I)lAGi;OSIS 

LOCATION OF 
LESIONS 

METASTASES 

TREtVTMENT 

■ 

RESULT- 


Bronchiolar 

carcinoma 

Bight lower lobe 

Eight hilar nodes, 
pia-araehnoid, 
medulla and cord 

Insulin and diet 
(for diabetes). 
Supportive. Ir¬ 
radiation (head) 

Adm. 4/26/45 

Died 5/23/45 


Broncliiolar 

carcinoma 

Entire right lung. 
Primarj' was in 
right apex 

Chest Tvall, hilar 
nodes, heart 

Supportive only 

Adm. 11/1/45 

Died 12/15/45 
(Prev. Hosp. in 
Aug, ’45. Diag.: 
neurofibroma) 


Bronchiolar 

carcinoma 

All lobes, both, 
lungs 

Hilar lymph nodes 

Supportive 

Adm. May, 1946 
Died 6/17/46 


Broncliiolar 

carcinoma 

All lobes, both 
lungs 

None 

General therapy. 
Two 125 r x-ray 
irradiations 

Adm. 2/26/47 
Treatment; 250 
roentgen u. Died 
3/3/47 


Bronchiolar 

carcinoma 

Lingula, loft 
upper lobe 

None 

Left tlioracotomy 
and amputation 
of lingida 

Alive Tvifh no evi¬ 
dence metastasis 
Jan. ’50 

ny 

Broncliiolar 

Bight middle lobe 

Pleura bilateralh-. 

Rt. thoracotomy, 

Adm. 8/1/47 

psr 

carcinoma 

almost solid. 
iModuIe in upper 
and loTver lobes, 
rt. 

Traclieobroncliial 
IjTnpIi nodes 

inoperable, 
closed. Suppor¬ 
tive therapy 

Home Tvith in¬ 
operable Ca 3 
mo. Ee-adm. 
1/12/48. Died 


1/15/48 


Brotichiolar 

carelnoma 


Iiiglit lung', all Supraclavicular, 
loljss paratracheal and 

liiJar Ijinpli nodes; 
liver, both adrenals, 
kidneys, cerebrum, 
skin (abdominal 
nail), retroperi¬ 
toneal and mesen¬ 
teric lymph nodes 


Investigative Adm. 12/2S/46 

studies incl. Died 3/12/47 

biopsy of cervi¬ 
cal node and skin 
nodule on ant. 
abdominal Trail. 

Supportive 

therapy 


Brouchiolar 

carcinoma 


Upper and lower 
lobes. Pre¬ 
dominately in 
left lower 
lobe 


Pleura, supraclavic¬ 
ular, mediastinal, 
and hilar hmpjt 
nodes 


Supportive Died three mo. 

therapT'. Treated after admission 
for cm and in¬ 
farction 
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T.«u; 


,NT AND DATE 

B. ■“ 

B.I.P. 

2C. Ko. 21167-1 
117 


J. M. 

.FJ.P. 

cc. No. 2S90G1 
148 


J. S. 

.r.i.p. 

cc. No. 217750 
)18 


.P. B. 

,P.I.P. 

ec. No. 26016.1 


E.P. 

.F.I.P. 

cc. No. 317202 
948 


. T. T. 

.F.I.P. 

lCC. No. 2S52G3 
949 



! j 


DURA- 


ROEKTGENOGR APHIC . 


AGE 

[ RACE 

SEX 

TIOX 

SYMI'TOMS ! 

FINDINGS ' 

EPDTOM 


52 W 


39 IV M 


42 AV j\I 


61 AV U 


57 ir U 


4 


11 


12 


30 


increasing eouglij 
weight loss, short¬ 
ness of breatli, and 
recent onset of 
weakness and fever. 
Pneumonia and 
tuberculosis diag¬ 
nosed first, tlien 
changed to malig¬ 
nancy 

Sudden onset of left 
pleuritic pain, 
chills, fever and 
Cough (rust}’ spu¬ 
tum). Improved on 
bed rest and peni¬ 
cillin but 11 mo. 
later noted cough, 
weakness, large 
amounts sputum, 
dyspnea 

Progressive shortness 
of breath and dull 
aching in rt. lower 
chest. Pt. visited 
T.B. center. X- 
ray showed pul- 
nionarj' path., then 
admitted to hosp. 
Coughing up blood. 
Cough for one yr., 
nonproductive at 
first but later in¬ 
creasing cough pro¬ 
ductive of reddish 
sputum. AYeight 
loss, weakness, 
anorexia 

Progressive orthopnea 
and weight loss. 
Dyspnea, produc¬ 
tive cough. Pain 
right scapula, right 
lower chest and 
right upper quad¬ 
rant 


“Consolidation right 
base and innumer¬ 
able nodular den¬ 
sities throughout 
both lung fields” 


Large amount fluid 
on left. Extensive 
mottling on right at 
level of second, 
third, and fourth 
interspaces. Aera¬ 
tion in apex right 
upper lobe, and 
middle lobe 


On Adm.: Heavy 
nodular infiltration 
widely scattered 
throughout both lung 
fields. Subsequent: 
Incr. in nodular in¬ 
filtration 

Density in left upper 
chest'suggestive of 
malignancy. Sus¬ 
picious lesion in 
right upper lobe also 


E.xtensive infiltration 
through entire left 
lung and almost 
complete collapse of 
right lung. Pneu¬ 
mothorax, rt. Frac¬ 
tured tenth rib, 
right midaxillary 


Neg.ative for 
APB 


Repeatedly iiega 
tire for AFB. 
Up to 7 pioh 
per day. 
lytie strep, 
culture 


Negative for 
AFB, funga'- 

Papanicolaoa 

negative 


Repeatedly nt'go 
five smear inn 
culture for 
AFB 


Piipanicolaou 

negative on 
several occa¬ 
sions. Sputum 
negative for 
AFB 


61 AY 51 


24 

to 

36 


Increasing shortness 
of breath, weak¬ 
ness, morning 
cough productive of 
1-2 tablespoons 
yellowish sputum, 
in 6 mo., increas¬ 
ing weakness, 35 
lb. weight loss, 
more productive 
cough, anorexia 


lino 

Alild bilateral emphy- 15 cultures 
sema. Extensive _ negative to 
reticulated and cavi- AFB 
tary infiltrations in 
left upper lobe and 
right lower lobe 
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5 ACTHOB'S j LOCATJOX OF 

[ diagnosis i ixsm's, 
Broi\eUiolar Right lovrer lobe 
carijiuomti 


METASTASE5 ‘j TREATMENT j RESFl-T 

Hilar and medias- Pnemuonia treated Hied two nio. 
tinal lymph nodes, with penicillin: after admission 

scalp, liver, skeletal fever disappeared 

of skull T,, -with incr. dysp¬ 

nea and down- 
liill course: Sup¬ 
portive therapy 


r»roi\fhxo\ar 

Ml lobes: LIaL 

Xoiie 

enreinoma 

S(j 1M, other?— 
Tiodiiles ^ cm. 
to S cm. 



‘•5 deep x-ray Pespiratory 
treatments to death 17 days 

ant. chest.” after admission 

Iodides, acri- 
flavin. penicillin 
for fungus 


Eroncliiolar .A.H lohes 
carcinoma 


Perihronchial and Supportive 
jieriaortie nodes. 

Both kidneys 


Broncliiolar Left upper lolie 
carcinoma 


Loft anterior chest Supportive 
trail and second left 
rih anteriorly. 

Heart, liver, spleen, 
intestines, adrenals, 
kidney, and mesen- 
terv 


Broncliiolar .\[l loin's, hi- Xoiie P.alliatite 

carcitioma latent! 


Hied two mo. 
after admission 


Died It days after I 
admission ■ 

J 


! 


Dieil i;0 days 
after admission 


Broncliiolar 

carcinoma 


Left upper and Hilar Ivtnph nodes, 

lower loties. left 

lower pre¬ 
dominantly 
mono in right 
Itin" I 


Streptomycin. 1 Picl oy; 

Gm. q6Ii for 15 after .adm. of in¬ 

days. Anreomy- testinal oh^truc- 
ein, penicillin. tion 

yfreptomycin for 
peritonitis 
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) BATE AGE 


203244 


269237 


spital, 

, N. Y. 
4 


SYMPTOJfS 


Hacking cougli 
(paroxysmal o-lO 
clays apart), pro- 
duetire of slight 
mucoid, blood- 
streaked sputum. 
Severity and fre¬ 
quency of cough 
increased, dyspnea, 
low-grade fever, 
left pleuritic pain, 
and weight loss one 
mo. prior to ad¬ 
mission 

Increasing shortness 
of breath; 4 mo. 
later noted weak¬ 
ness and dyspnea 
and dull pain in 
right lower chest 
anteriorly (later on 
left also). 'Weiglit 
loss and cough 
with moderate 
whitish sputum, 
occasionally blood 
streaked 
Sharp low back 
pain, weakness, 40 
lb. weight loss, 
nocturia, nausea 
and vomiting; 
chronic cough with 
veiy little sputum 
Cough (dry) for 6-7 
months. Slight ache 
in chest (anterior) 
of indefinite dura¬ 
tion 

Abdominal pain: 
ulceration of left 
foot 


ROE.VTCtE.VOGRAPHIC 

FINDIXGS SPUTOJt 


Infiltration of left Negative for 

lower lobe. Prob- APB, No other 

able 2.5 cm. mass organisms cul- 

below left bronchus tured 


On admission: Fluid, Negative for 


right; nodules, loft. 
Later: Density, 
right middle lobe, 
nodule.s all other 
lobes. Moderate¬ 
sized cavity, left 
upper lobe 


AFB and fun 
gi. No Papi 
nicol.aou 
recorded 


Chest x-ray showed 
circumscribed den¬ 
sity in left lower 
lobe. Spine films 
showed destruction 
of L-2 


Negative foi 
acid-fast 
bacilli. Po'*' 

five Papanico¬ 
laou for malig¬ 
nancy 


2 cm. density of left Negative for 
upper lobe in thiid acid-fast 
interspace bacilli 

Homogeneous density Negative for 
in region of left acid-fast 
lower lobe. Mass in bacilli 
apex of left lung 


2764S6 


Cough, dyspnea, ex¬ 
pectoration, loss of 
weight, anorexia 


Shortness of brcatli, 
weakness, weiglit 
loss 


Triangular area of 
infiltration opposite 
right hiliim: smoky 
infiltration, lower 
tlirce-fourtlis, left 
eliest 

Entire left clicst ob¬ 
scured by bomogenc- 
oiis density; 
scattered rounded 
shadows tliioiigliout 
right lung 


Clear, eatery. 
Negative for 
AFB and 
fungi 

Meager amoiiat. 
Positive 
P.-ipanicoIaoii 


337939 


— No svmptoms. Acer- Round nodule d-.d cm. None 
dental discovery on in diamefer, postero- 
Toutine x-rav lateral aspect, rig it 

■ lower lobe 
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author’s I 

location of 


1 


DIAGNOSIS 1 

I.ESIOX'S 

METASTASES 

TRE.VTMEX!P j 

RESULT 


Broucliiolav 

carcinoma 


LLL. Large nod- Liver and vertebrae 
ule compressing (L -1 and L- 2 ) 
bronchus. DiSuse 
nodular involve¬ 
ment of rest of 
lobe (It. lower 
with areas of 
necrosis) 


Considered for x- Died 3 wk. after 
ray irradiation admission of 

but none given respiratory 

death 


Pleura, pericardium, Supportive 
diaphragm, liver, 
both kidneys. It. 
adrenal, cerebral and 
cerebellum men¬ 
inges, third lumbar 
vertebra; peri- 
broncliial, peri¬ 
tracheal, periaortic 
and perigastric 
l>Tnph nodes 


Bronchiolar 

caveinoma 


Bronchiolar 

carcinoma 


Bronchiolar 
,en carcinoma 

my) 

on- Bronchiolar 
carcinoma 


Bronchiolar 
y carcinoma 


Bronchiolar 
laou. earcinoina 
brou- 
edle 


Bronchiolar 

carcinoma 


All lohes, both 
lungs 


Left lower lobe 


Left upper lobe 


Left lower lobe 


Indefinite (see x- 
ray repoit). 
Apparently both 
lungs 


Hilar and medi¬ 
astinal nodes, aU 
lumbar vert., both 
adrenals, liver, kid- 
neys, gut, esopha¬ 
gus, spinal cord, 
brain and meninges 
Hone 


Begional tracheo¬ 
bronchial and bron 
chial nodes, bi¬ 
lateral adrenals, 
cerebral and cere¬ 
bellar regions 
Data not available 


Supportive 


Thoracotomy, It., 
with It. upper 
lobectomy (cura¬ 
tive) 

Palliative 


Supportive only 


Palliative 


Left loa'er 
lobectomy 


Died one mo. 
after admission 

i 

! 

I 


1 

1 


Died 9 mo. after ' 
admission 


In good condition 
6 mo. later 


Died 0 % mo. 
after admission 


Died 


Died 1^4 mo. 
after admission * 


IVell with neg. 
chest -v-rav 3 yr ! 

"D r\ * * * 


Both lohes. It, iVonc 
lung solid tumor, 

^vt. 1,100 Gm. 

All lobes rf. 
lung contain in¬ 
numerable 
round, discrete 
nodules, wt, 
l,27o Gm. 

Lateral segment, Xonc 
left lower lobe 
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BATE AGE 


SYMPTOMS 


KOENTGENOGRAPHIC 

FINBIKGS 


Mild dyspnea, riglit- Infiltrating lesion of 


sided chest pain, 
productive cough, 
mild anorexia, 
generalized weak¬ 
ness 

Persistent cough 


right upper lobe 


Negative foi 
AFB, fungu? 
and aialigiiiiiit 
cells 


“Indefinite” infiltra- A’egatire for 
tion of right upper malignant 
lohe cells 

Small area of cloud- Negative for 


Head cold followed 
by severe cough ing just above and AFB. Positive 

and dyspnea, pro- lateral to superior for malignant 

ductive of % cup portion of right cells 

yellowish-gray spu- hilum. Lateral view 
turn; no hemoptysis, shows consolidation 


Had to sleep in in basal portion of 
sitting position. 15 right upper lobe 
lb. weight loss. 

Local doctor 
bronchoscoped and 
found malignant 
cells 

Mental confusion, None taken 

speech difficulty, 
and irritability for 
one mo. 

Pain in flank, chest. Homogeneous den' 
and shoulder on sity in lower hal 

right. Paroxysmal of right lung : 
cough productive of 
thick, copious spu¬ 
tum, occasionally 
blood streaked; * 
weight loss, febrile 
episodes, weakness, 
and incr. dyspnea 

Hemoptysis (S days Area relative uni¬ 
prior to admission), form density, low 

Slight dyspnea on % left lung field; 

exertion. 10-12 lb. bronchial margin: 

weight loss partially visualizi 

Burning sensation Nodular density ii 

under right scapula, tliird right inter- 
4 mo. Dry cough space 10/21/50. 


None taken 


sity in lower half 


Negative for 
malignant 


Negative for 

AFB and 


of right lung field malignant cell' 


for 2-3 mo. Low 
back pain with 
radiation to right 
leg, 4 mo. 

Dry cough for 2 Bounded density in Tlireo -4- mn 
vr.; dyspnea with right inid-lung field sputum 

generalized pains short distance from mens .jj, 

over entire body hilum foj’ rmop • 

cells 

Cough productive of Diffuse and extensive Amount not 
blood-streaked spu- nodular infiltration stated, 

turn. Weakness, both lungs, more m-die 

dvsunea. left chest marked on right ArB 


Area relative uni¬ 
form density, lower 
left lung field; 
bronchial margins 
partially visualized 
Nodular density in 
tliird right inter¬ 
space 10/21/50. 
Similar findings on 
film of 6/21/49. 
Bend as negative 


Ncg. for 
(2 exam, ot 
broncliial seeve 
tion neg. for 
cancer cells) 
Neg. for .A-FB. 
Several suspi¬ 
cious Paps. 
(Class IH) 


Bounded density in 
right mid-lung field 
short distance from 
hilum 


blood-streaked spu¬ 
tum. Weakness, 
dyspnea, left chest 
pain, weight loss 
Productive cough, 
loss of weight, 
easy fatigue 


Complete opacity of 
entire left lung 
field 


stated. Not 
examined for 
AFB or malig 
nant cells 
“Much.” Nega¬ 
tive for AFB 
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ATjTHOK^S j 

DIAG^'OSIS ' 

LOCiTIOS OF 
iESior;s 

[ itETi.STASES 1 

[ tkeatmext 

RESULT 

Bronehiolar 

carcinoma 

Eight upper lobe 

Hilar Irmph nodes 
cstensivelv involved 

Thoracotoxuv, 
right with right 
pneumonect omy 

No cougii, spu- 
tiun, dyspnea, 2 
mo. P.O. 

Bronehiolar 

earciuoma 

Eight upper lobe 

None 

Tlioracotoniv with 
right upper lobe 
lobectomy 


Bronehiolar 

carcinoma 

Eight upper lobe 

Xone 

Thoracotomy, 
right with pneu¬ 
monectomy 

Alive 1%> TIT. P.O. 


Bronehiolar 

carcinoma 

Right lower lobe 
(periphery) 

Brain, hilar h-mph 
nodes 

Craniotomy but 
no tumor found 

Died one day P.O. j 

Broncluolar 

carcinoma 

Eight middle lohe, 
right lower lohe, 
right upper lobe 

Parietal pleura, 
mediastinum, epi- 
cardium, both 
adrenals 

Palliative and 
symptomatic 
therapy 

Died 14 days 
after admission ' 

Broiicluolat 

carcinoma 

Left lower lolic 

None 

Left lower lolje 
lobectomy 

Svmptoni free 
last follow-up 

Bronehiolar 

carcinoma 

Eight upper lohe 

Heart, liver, kidneys 
and spine 

Thoracotomy, 
right, with 
biopsy. Suppor¬ 
tive. with x-ray 
to spine 

Died 4^,(> mo. after 
admission 

Broncliiolar 

eareiuoma 

Right hilar re¬ 
gion of right 
lung 

Osteolytic lesion, left 
ilium 

Et. pneumonec¬ 
tomy. N-ray 
treatment to left 
ilium 

Alive with nieta- I 
static disease 

1 

Bronehiolar 

^•arcinoraa 

All lobes, both 
lungs, worse on 
right 

Tumor was seen in 
Ivmphatics and 
Wood vcs.sels of 
lung 

Digitalis. Peni¬ 
cillin 

Died 12 hr, after 
admission , 

Bronehiolar 

carcinoma 

Roth lungs; It. 
solid. "Wt. It.— 
1,300 Gm. trt. 
rt.—S50 Gm. 

Ribs, dorsal spine, 
pericardium, dia¬ 
phragm. liver. No 
positive nodes 

0 ,, antibiotics, 
streptomycin, 
blood trans¬ 
fusions 

Died 41 days ‘ 

after admission 
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Table I. 


PATIENT AND DATE 

AGE 

RACE 

SEX 

DURA¬ 

TION 

SYMPTOMS 

ROENTGENOGRAPHIG 

FINDINGS 

SPUTUM 

33. L. S.t 

Mound Park 
Hospital, St. 
Petersburg, Fla. 

■Nr„ m -7Rn,( 

63 

W 

F 

24 

Chest pain, 2 jt. 
debility, weakness, 
emaciation, nonpro¬ 
ductive cough 

Dense opacification, 
loft lung. Bilateral 
pleural effusions 
(bloody) 

Sputum and 
pleural fluid 
repeatedly 
neg. for AFB. 


1951 


Sputum pos. 
for 


cells. Pap. 
Class III 


34. B. S. H. 44 W M 

Naval Ilospital, 

St. Albans, N. Y. 

No. 120251 
1951 


35. 0. II. B.t 74 IV M 

V. A. Hospital, 

Seattle, Wash. 

No. 67-715 
1951 


10 


No symptoms. Bis- 
covorcci on routine 
chest-x-ray, Dec., 
1.950. In‘April, 
1951 developed pro¬ 
ductive cough and 
pain, right upper 
chest, anteriorly 
Dyspnea, motor" 
aphasia. Right 
hemiplegia 


Small, smooth, round, S sputum ciil- 
eireumscribed tures neg. for 

lesion, 2.5 cm. in ABB. Papanic- 

diameter, anterior olaoii not iloiic 

segment, right 
upper lobe 


Small irregular in¬ 
filtrations scattered 
throughout lower 
one-half of loft 
lung 


Castries iii’pi- 
five for AFB. 
(Patient was 
not rational 
and sputum 
could not bo 
collected.) 


36. N. L. F.g 42 W F 

Naval Ilospital, 

Portsmouth, Va. 

No. 127237 
1952 

37. J. H. 23 W i\r 

Naval Hospital, 

St. Albans, N. Y. 

No. 130549 
1952 


9 


31 


No sjTiiptoms. Dis¬ 
covered on routine 
chest x-rays. Later 
developed slight 
dyspnea on exertion 
Productive cough, 
repeated small 
hemoptyscs, right 
chest pain, 9 pound 
weight loss 


Diffuse bilateral 
millinodules, all 
lobes, both lungs 


Large rounded homo 
geneous density in 
right lower lobe; 
irregular small 
homogeneous den¬ 
sity in anterior seg¬ 
ment, right upper 
lobe 


Negative for 
AFB. Papanic¬ 
olaou nega¬ 
tive. Negative 
for fungi 
Small amount 
of mucoid 
sputum "Itb 
several small 

heiuoptv-ses; 

later: CO c.c. 
niucoid sputum 
daily with oco. 
blood 


•Case included throimh tlic courtesy of Drs. Harold Gordon, J. R. Gott, Jr., and R. A. Switzer. 
tCaso included tlirougli the courtesy of Drs. E. B. Campbell, Sr., and E. B. CampbDii, Jr. 
tCase included tlirougli the courtesy of tlie Alcdlcal Director, United States Pviblic Hcaltii Sorv ce 
pital, Seattle, Wash. TTnsnltal. 

§Case included tlirouffli tlie courtesy of Drs. Charles Pereuson and Paul Spangler, U. S. Naval 
Portsmouth, Va. 
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author’s ' 

DIAGNOSIS 

LOC.ATION OP 
[ LESIONS 

METASTASES 

Bronchiolar 

Both lungs. 

Pleura, diapliragm. 

caicinoina 

Pleura dia- 

peritoneum, inesen- 


pluagm, peri¬ 
toneum 

tery 


TREATMENT 


RESULT 


Supportive and 
sj'niptomatic 
only 


Died 4 mo. after 
admission 


Bronchiolar Anterior segment, None 

carcinoma right upper lobe. 

Hilar nodes neg. 


Segmental resec- Well IS mo. after 
tion anterior resection 
segment, right 
upper lobe 


Bronchiolar 

carcinoma 


Left upper lobe, 
small foci, left 
lower lobe 


1. Brain—2 foci, left S.vmpton)atic. Died api)ro.\i- 

cerebral hemi- Penicillin, oxy- mately two mo. 

sphere. gen, etc. after admission 

2. Posterior pituitary 
(?)• 


Bronchiolar 

carcinoma 


Bronchiolar 

carcinoma 


All areas, all None 
lobes, both lungs. 

(Extensive 
pleural invol. 
many nodules) 

Medial basal seg- None evident at 
ment, right lower operation. Nodes 
lobe and an- negative. Jteeur- 

terior segment, rence in right lower 

right upper lobe lobe 4 rao. later 
MET-VSTASES 


SjTnptomatic Adm. 3/24/52. 

Still in hospital. 
Disease rap. 
progress 

Segmental resec- No evidence of 
tion anterior disease at 

seg., EUL and present (9 mo. 

local enucleation after second 

of lesion, ELL. operation) 

Right lower 
lobectomy for 
recurrent lesion 
four months 
after original 
operation 
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Table II, 


ATTTIIOR xVNl) I>ATE 

AGE 

RACE 

SEX 

DUR^V- 

TION 

SV:^IPTOMS 

ROEXTGEXOGRAPHIC 

FINDINGS 

SPI'TUM 

1. Skorpiloo 

1941 

34 

AY 

hi 

About 
30 mo. 

Sensation of pressure 
in left chest 

A spherical, homo¬ 
geneous shadow, 
size of a mandarin. 

J cplsoiie of 
lu'inojitysis 


J 


Acovcclo, Giun- 
tiiii, and Ciox- 
attoGB 
1942 


uO 


AY 


14 mo. WeaUness, anorexia, 
dyspnea on exeition, 
slight cougli pro¬ 
ductive of yellow 
sputum, orthopnea 


3. Fernandez 
Luna and 
BraccoBi 
1943 


4. AVengerr 
].04j 


5. Couch, Flem¬ 
ing, and Harri- 
sonS2 
1945-47 

6 . Eey and Eubin- 
steinBo 

1947 


7. Silverman and 
Angrist-o 
1948 


02 


CO 


48 


02 


AA^ jr 
(Argen¬ 
tinian) 


AY F 
(Bolivian) 


AY 


liomitiiorax with 
cavitation in mid- 
lung field 


Not done 


8-9 mo. Febrile episode 

(grippe) with nuicli 
sputum. Pain in 
right upper chest, 
cough, sputum, 
weight loss 

Several Cough of several 
mo. mo.; 1 mo. pr-ior to 
death, cough in¬ 
creased, febrile. 15 
days before death, 
intense cough and 
high fever 

Tin- Pain in shoulder and Not done 
known lumbosacral region 


seen in the middle 
of left lung field 
next to upper por¬ 
tion of hilum. 

Tliought to repre¬ 
sent metastatic 
spread to liilar nodes 
from a small pri¬ 
mary lesion barely 
visible in upper lobe 

Multiple nodular soft Mucopiiniicnt. 
confluent densities viscous iiiul 
in right lung. C mo. traiispari'iit 
later: Lt. hydro- sputum up to 

pneumothorax with 1,500 c.c. dailv 

no change on right 
side. Also had 
homogeneous 
opacity, lower and 
middle portions, left 
lung field 

Opacity, right upper Purulent, copi¬ 


ous, bloody- 
Free AFB hy 
smear and G-L 
inoculntiou 

Not mentioned 


Not recorded 


AY 


M 


31 


AY 


8 ’A mo. Cough, mucopurulent, 
viscous, and trans¬ 
parent sputum up 
to 1,500 c.c. daily. 
No fever and 
general health un¬ 
changed. No weight 
loss 

6 mo. Pleuritic pains, right 
chest. Shortness of 
breath and cough 


Localized lesion in Small quaufdy 
right base, and incr. of yellow-green 
' It. hilar shadow. sputum 

Last x-ray 1 mo. 
prior to death 
showed increase of 
right basal and left 
hilar process 

Initiallv, evidence of Charaet('r not 
consolidation of the stated. ‘ Scann 
right lower lobe, 
later involvement on 
the left side also — 




psy Broucliorrlieal Bight lower luug Isone noted (no Symptomatic Dead 

form of gelat- held and left autopsy) 

inous cancer hilar region 
of the lung 


■ni Pseiidopneu- Bight lung Xono JTone Dead 

mouic pul- 

• inonary cancer 
(Ewing’s 
diffuse alveo¬ 
lar cancer) 

>m Alveolar-cell All lobes, botli Liver None Dead 

tumor lungs 


Alveolar-cell 2 by 2 cm. nodule Liver, both adrenals. Symptomatic De.ad 3 mo. afte 
tumor in LTTL brain and vertetirae ’ adm. 


aon Pulmonary Entire right lung Kone Symptomatic Dead 

adenomatosis and lower half, 
left lung 


[cm Lol)ar adeno- Bilateral 
carcinoma 


Hilar nodes, adrenal 2\onc 
glands, kidney 


Dead 


I 
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Table ij. 


AUTHOR AND DATE 


S. Silvermaa and 

Angristso 

1948 


.0.1 1 1 

1 DURA- 1 

1 

ROENTGENOGRAPHIC I 

=== 

AGE i RACE 1 SEX , 
nr TT> 

1 TJON 1 

SYMPTOMS i 

FIKinKGS ' 

SPl'TrM 


sputum 


9. Uilcleljrandss 
1948 


10. J'eniungs-''® 
194S 


(iO 


58 


W 


F 


F 


11. JpiniingS’''’!* 
1948 


12 . DrymalsUi, 

T/iomp.soil, ;uicl 
Sweauvso* 

1948 


5G 


\Y 


M 


9 jiio. Cough and cJe.ir 

sputum 

10 mo. Onset: dry cough; 

subsequently fre¬ 
quent colds and 
grad. incr. dyspnea. 
Later: cough, spu¬ 
tum, pleuritic pain, 
dyspnea, 10 Ib. wt. 
loss; hemoptysis 
last 2 mo. of life 


12 mo. Cliills, ferer, left 
chest pain, cough, 
slight hemoptysis, 
left-sided pleurisy. 
40 lb. wt. loss 


34 


W F About 
(Polish) Id nio. 


On first adm: non- 
productire cough, 4 
lb. wt. loss. 9 ino. 
later: bronchopneu- 
mouia with fever 
(105°), hemoptysis, 
right lower chest 
pain 


lower half rt. lung, 
incr. density and , 
prominent radiating 
sliadows upper lobe 
rt. lung, prominent 
bilateral hilar - 
shadows. 2 wk. 
later: Eadiating 
shadows entire rt. 
lung, prominent 
bilat. hilar shadows, 
nodular infiltrations 
throughout rt. limg. 
Pleural eff., rt. 

Bilateral pulmonary 
involvement 


Mottling in both 
upper zones and 
opacities at bases 
■ndtli lat. fading. 
Patch of density in 
mid-zone of rt. lung, 
coarse mottling on 
left. Lower parts of 
lungs resembled con¬ 
fluent bronchopneu¬ 
monia 

Coarse patchy 
mottling all zones 
rt. lung with incr. 
vascular pattern. 
LUL clear, LLL 
opaque, medial zone 
of density 
Routine x-ray few 
mo. prior to first 
adm: 3 cm. cavity 
ill ELL. A-ray' 
after penicillin dur¬ 
ing first adm: some 
dealing of the soft 
infiltrate about 
cavity wall. 6 mo. 
after first adm; no 
changes ui ooinpari- 
son ■with prev. chest 
films. About 14 mo. 
from first x-r.ay (on 
second adm.): Con- 
solid.ation and 
atelectasis of ELL 


Large quantity 
clear frothy 
sputum, late 
stage 

Much purulent 
sputum. Lntei: 
more frothy 
profuse, still 
purulent. 
Hemoptysis 
later 


Purulent, slightly 
bloody 


Inithally I'oa- 

productive. 

Hemoptysis 


13. Bryraalski, 5a W 

Thompson, and 
Sweaiivsn* 

1948 


F 


G mo. 4 mo. prior to adm; On adm: Areas of 
developed mild marked haziness in 

cough. On adm: both lungs, most 

couglij small amount pronounced in the 
sputum occasionally right. Cardiac 

streaked by blood; shadow was dis- 

fatigue, weakness, placed to left 

Later: became 
progressively more 
dyspneic and 
weaker 


.Small amt: oren- 
sionally blood 
streaked. 1 n*®- 
prior to death: 
positive for fb 
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AtriHOR’S 

WAGXOSIS 

1 LOCATIOX OF 1 

1 LESIOXS 1 

1 1 

1 SIKTASTASES I 

j TREATMEXT 

RESULT 

Lobar adeno- Both lungs Jione described 

Symptomatic Dead 


carciiioiua 


Pulmonarr ATI 5 ToLps of ^Coue Fiipportivc DeatT 

adenomatosis lungs 


AlveolaT-ceU All lobes of botli Mediastinal nodes Svmptomatic Dead 
tiunor liings 


Alveolar-cell Lower lobes, both Mouc 

tumor lungs 


Svniptomatic Dead 


Pulmonary Right loner lobe A'ouc 
adenomatosis 


First adm: 1 mil- '‘"JJ.o. course un- 
bon units of eventful.” tyo 

penicillin. follow-up 

Second adm; 
lobectomy 


u 

ni. 

lie 

ag. 

A. 


Pulmonarv 

adenomatosis 


Both lungs in mid- Xone seen (liinos 
lones; nodule be- onlu removed at 
neath pleura in pos't-morteml 
rt. base 


ATone recorded 


Dead 
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DUKA- 


koi:xt(!i:n*o(;kai*ihc 

AUTHOR AND DATK 

AOi: 

KAOi: 

si:x 

TIO.V 

KVMI’TOMS 

KIXDIN’dS 


IJ. Drvnialski, 43 

TIiomj)S()n, aiul 
Sweanyso* 

194S 


15. AlcCalluia'-i 
lOJS 


J(l. Shipman, 51 

Stpplumii, and 
Biiildev"-' 

1910 


L’L' mo. 2 yr. prior to aclm.: 

influpiiza for 3 ivk. 
Fat iguo, iutormit- 
fciit cough, usually 
iiouprodiictivo; 25 
11 ). u t. loss, poor 
appetite, failing 
.strength. After 
adm: progressive 
severe d.vspnea. 2 
mo. prior to adm: 
pulm. hemorrhage of 
10 oz. 

Jl IS mo. Cough, frothy spn- 
tum, naught loss. 
Later: dyspnea, 
cyanosis, pleuritic 
chest pain, slight 
fever 


Cough and sputum 


KI.VmNUi.S SI'UTl'.M 


17 mo. before ad- 2 mo. heforo 
mission: “Fvi- adm: palm, 

deuce of a pnl- li('morrh!i};c’ iif 

monary lesion.” 10 o/. No 

Later: marked hazy nmlig. coll' 
infiltnilioa of right fomnl. Coiigli 
lung and of middle nas iMially 
held of left lung nonjiroihiotiic 


lnili)illy: density in Cupful daily, 
the It. lung, nioie lliia, frntliy. 

marked in ujiper and llemoptysi- on 
middle zones, ti nio. occasina 
later: patchy 
opacifies throughout 
whole It. lung held. 

17 mo. later: It. 
lung solid, spread to 

Area of iner. density, Originally s:inn 
roughly triangular amt. of near, 

in shape, lying just frothy, ghar.'’ 
above the diaphragm nnipoid sputum, 
and posterior to Later: laoroa'- 


lower ])ortion of 
major fissure. 
Bronehograms 
showed bronchiec¬ 
tasis, right lower 
lobe 


17. Laipply and 
Fisherii'- 
19-19 

IS. Laipply and 
Fisheruu 
1949 


19. Hat held and 
Hilbm 
1949 


51 

W’ 

F 

3 mo. Piflieulty in 

breath- 

.'flight p:issive eon- 




ing, cough. 

and 

gesfion of both 




ueakne.ss 


lungs 

-15 

W 

lit 

10 mo. Pain in chest 

a Till 

Piffuse mottling in 


cough, 9 mo. M’orsc 
recently with he¬ 
moptysis, shortness 
of breath, increas¬ 
ing chest pain, 
anorexia 

l)yspue:i, cough, spu¬ 
tum, anorexia, 
fatigue, weight loss 


20. Freedmanuu 
1949 


9 nio. Chest pain, cough, 
.sputum, loss of 
weight, dyspnea 


Later: iaorcu" 
ing ainoimt, 
thick, ycllou-, 
foul 


X()f rccoi ill’ll 


lung holds due to 
small areas of incr. 
density in all lobes 
of both lungs, esji. 
centra] regions and 
lowi’r lobes , 

Pifl'uso scaltcred .Slight al f"^ • 

nodidar areas of later lueu'-e' 

iner. densifv, all Posit lyc 

areas both lungs. Papaiucolnou 

Films made 10 mo. 
previously showed 
large rounded oval 
area of iner. den¬ 
sity, left base and 
scattered nodular 

areas, right base . . 

Bilateral di.sseniinated Large <|uaat ■ 
nodular disease thin, wa ‘’L • 

brec:di''e for 
AFH _ 


nodular disease 
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1 AtrrHon's 

j LOCATIOX OP I 

1 

1 ' " 1 




1 DIAGNOSIS 

I LESIONS 1 

METAST.tSES 1 

[ TBEATMEXT 1 

RESULT 

— 


Pulmonarv Entire Tt. itmg; Xonn Pneumotliorax Dead 

adenomatosis in it. simiiaT (discontinued 


lesion fanned out after 1 yr.) 

from liilum and 

reached pleura 

lat. and base 

posteriorly. 


1 


AD eolar-eell Entire left lutig-, 
tumor of lung right apes and 
superior seg¬ 
ment. right lower 
lobe 


Pulmonary Eight lower lobe 
alreolar 
adenomatosis 


Xone noted at opera- Eight lower lobcc- Living 9) tno. P.O. 
tion tomy Areas of density 

in remaining 
right lung 


2m 

Primary alveo¬ 
lar-cell tumor 

All loheSj both 
lungs 

Xone 

Symptomatic 

Dead 

PIE 

Primary alreo- 
lar-ceil tumor 

All lobes, both 
lungs 

Pleura, intrapul- 
nionary Ijauphatics, 
mediastinal and 
cervical node.s. left 
adrenal gland 

Symptomatic 

Dead 

iaou 

Pulmonary 

adenomatosis 

All lobes, both 
lungs 

Hilar nodes 

Xone 

Symptomatic 

Dead 


dem Pulmoiiaiy All lobes, both 
adenomatosis lungs 


Xone 


Treated for tnher-Dead 
culosis 
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Table II. 


AUTHOR AND DATE 





1>URA- 


ROENTGENOGRAPlllC 

AGE 

KACE 

SEX 

TION 

symptoms 

FINPINGS 


sruTUJt 
Yellow, mucoid 


21. Bubis .Tiid 
Erwiiio 
1049 


1)0 


W 


M 3 mo. 


22. Bubis nml 
ErwiuB 
1949 


03 


AI 


5 yr. 


23. Effertss 

08 

lY 

P 

S yr. 

1949 





24. LiavaagSB 

83 

W 

P 

5 yr. 

1949 





25. King and 

63 

N 

P 

1 yr. 

CarrolPi 





1950 





26. King and 

58 

W 

P 

5 yr. 

CarrolPi 




3 mo. 


1950 


Chest pain, intor- 
inittcnt fever, 
severe cough and 
yellow sputum 


Cough, shoi’tucss of 
breath 


Three episodes of 
pneumonia, S, 7, and 
0 yr., prior to 
death. Gradual 
downhill course 
with increasing 
dyspnea and cough. 
Overwhelming 
weakness 1 yr. prior 
to death 

Angina pectoris and 
cardiac failure. Ad¬ 
mitted to hospital 
witli diagnosis of 
cardial infarcatioii. 
Tumor was in vcjy 
early stage; no 
clinical symptoms 

Cough and sputum 


ings incr. bilaterally 
witli considerable 
pneumonitis in these 
areas. Slight amt. 
loft pleural fluid. 
Bronchograms: bi¬ 
lateral basal broil- 
cliicctasis 

' Patchy opacity 
throughout lower 
tliroc-fourths of rt. 
lung; large areas of 
consolidation mid- 
portion of loft; 
apparently many 
fibrous stiands along 
line of bronchial 
trunks, lower half. 

It. lung. Radi¬ 
ologist’s imp: 
Granulomatous, 
probably fungus 

Innumerable, bi¬ 
lateral, rather sym¬ 
metrical, somewhat 
confluent densities. 
Thought to represent 
massive liomatog- 
onous metastascs 
from an unknown 
primary carcinoma 

Not dono 


Model ate 
amounts 


Amount anil 
character not 
recorded 


None 


Severe cough, mu¬ 
coid sputum, so 
dyspnea 


Diffuse involvement, 
more marked on loft 

Mar. 1945: Patchy 
1 incr. density base 
DDE. Eob. 1947 : 
Patchv pneumonia, 
EEL .tunc 1947: 
P.atchy infiltrations, 
loft Oct. 194S: 
Patchy consolida¬ 
tion, LEE. There¬ 
after serial films 
sliowod slow but 
progressive involve¬ 
ment of both Jungs 
by confluent nodular 
densities. LEE had 
been removed in 
Nov. 1948 and 

scattered nodular 
densities of LUE 
and RLE were noted 
nGf*. J 048. 


Amount 
type not 
recordoil 
None early In 
di<onsG,‘ 
copious, nmcoi'! 




EY ET AL.: 


BBOXCHIOLAE (•‘ AL.VEOLAB'CEIA") CARCINOMA OF LUNG 


* Ar~HQ?.'S 

LOCATION OF 

j 

I 

! 

i niAcxosis 

\ IX510NS 

] METASTASE5 

1 TP.EATllEKT 

j EESn-T 


'■ FnlTnnnivry All lobes.. boS None SuHadiazine 

adenomatosis lung? 


PulmonaiTT Botli lol^es.. left None Syniptoniatic Dead 

adenomatosis lung; upper and 

middle loLes, 
rigid lung 


Primarv diffuse 
alveolar epi¬ 
thelial car¬ 
cinoma 

"Diffuse, pennv- 
sized lesions, 
more or less 
symmetrical in 
liotli lungs" 

Hdar nodes, Dver, 
fiaraaortic nodes, 
lymph nodes in 
porta Uepatis 

None 

Dead 

Alveolar-cell 

tumor 

Left upper lobe 

None 

None 

Died second hosp. 
day (not due to 
tumor) 

=v Pulmonarv 

aJenonmtosis 

All lobes, botb 
lungs 

None noted 

Symptomatic 

Dead 

Pulnifinarv 

adenomatosis 

Left lou:er lobe 

None noted at opera¬ 
tion (autopsy not 
permitted) 

DesecDou, left 
loner lobe: later 
irradiation, 
finally sympto¬ 
matic 

Dead 
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T.uiu: II. 


AUTHOR AND DATE 

i 

AGE 1 

RACE , 

[ 1 

! SEX 1 

DURA- 1 
Tiotr 1 

1 

SVMPTOStS 1 

KOEiVTGEKOGRAPHiC | 
FINDINGS j 

SPLTrsr 

27. King and 
Carrollsi 

1950 

53 

AY 

F 

Less 

than 

2 mo. 

Shortness of breath, 
chest pain, general¬ 
ized aches. Cough, 
copious sputum, 
anorexia, nausea, 
vomiting, weakness, 
weight loss 

Innumerable soft 
nodular densities 
througliout both 
lungs, Kodules 
poorly outlined, 
more numerous in 
middle and lower 

Tliin, nateri, 
'frothy; as mu.'Ii 
as 1,000 c.c. in 
24 hr. 


W 


AV 


28. Good, JIc- 54 

Donald, Clagett, 
and Giiffithio 

1950 

29. Good, Me- 34 

Donald, Clagett, 
and GrifBthio 

1950 

30. Good, Me- 62 

Donald, Clagett, 
and Griffitlvio 

1950 


31. Good, Me- 47 

Donald, Clagett, 
and Griffitliio 
1950 


32. Good, Me- 53 

Donald, Clagett, 
and GrifStlii® 

1950 

33. Good, Me- 30 

Donald, Clagett, 
and Griffithio 

1950 


34. Good, Me-. 55 AY 

Donald, Clagett, 
and Griffitliio 
1950 


35. Good, Me- 49 W 

Donald, Clagett, 
and Griffith’0 
1950 


36. Good, Me- 57 AV 

Donald, Clagett, 
and Griffith’o 
1950 


12 mo. Serere nonproductive 
cough 


7 mo. Chronic cough, inter¬ 
mittent Jou-grade 
fever 


AA'' F 0 mo. N^onproductive cough 


lung fields where 
nodules became so 
confluent as to ob¬ 
scure the heart 
shadow 

Area of consolidation None 
in left lower lobe 


AY 


AA- 


AA' 


■i yr. 
(?) 


M 18 mo. 


Clironic cough, spu¬ 
tum occasionally 
blood tinged 


Chronic productive 
cough 


Poorlj- circumscribed 
area, apparontlr- 
pneumonitis, pos¬ 
terior to hilum in 
left lung 
Pleural reaction 
around left hemi- 
diaphragm, large 
area of consolida¬ 
tion in left lower 
lobe' 

Area of pneumonitis 2 yr. before 


Jleager, cif.ir, 
irhitisli 


Almost none. 
Papanicolaou 
positive 


yr. Chronic productive 
cough 


yr. Chills, fever, cough 
with some blood 


in loft lower lobe 


Dense hemispherical 
mass in right chest 
occupying lower 
three-fourths of 
right hemithorax 
Dense irregular mass 
in left lower lobe; 
smaller irregular 
patch in right upper 
lobe opposite hilum 


Area of pneumonitis 
in tlie lingula 


M 


M 


4 mo. Chronic productive 
cough, 12 lb. wt. 
loss. Fever abated 
following penicillin 


6 mo. Dyspnea and weak¬ 
ness on exertion, 
occasional nonpro¬ 
ductive cough 


Elevation of It. henii- 
diaphragm, fluid in 
rt. pleural space, 
poorl.v circum¬ 
scribed mass in 
superior portion of 
BEL ■ 

"Generalized, diffuse A'onc 
tuberculosis of both 
lungs” 


adm; severe 
prod, cougli; 
bloody on I 
occ. C)n ndnu 
clear, watery 
Frothy white; 
blood on 3 eec. 

Papanicolaou 

negative 

Gray mucoid, 

occasionally 
blood streaked. 
Positive 

probably alvco- 
lar-cell ca 
Cough nonpro*. 
until just bC' 
fore adm. when 
she raised some 
blood. Pape”'" 
olaou positi'''^; 
thought to he 
of alv. cell 

type , ... 

% cup oa“-'> 
yellow. Papn- 
nicolnou posi¬ 
tive 
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' AUTHOR'S 

s L0CA•^0^" OF 

i 

t 

j 

[ PIAGKOSIS 

\ LESIOXS 

\ ^.iirrASTASES 

i Trj:.vrMENT 

I KESrLT 

Pnimonarr 

aJenoiuatO'is 

All lobes, both 
lungs 

Xone 

Syinptoiuatie 

Dead 


Alveolar cell 
tumor 

Left lower lol>e Xoue 

Desection. left 
low er lobe 

Dead 

AlveoW-eell 

tumor 

Xjift lower lolie ‘V^oive 

I.olvectowvy. left 
lower lobe 

Died of Hodg¬ 
kin’s dis. 2 vr. 
P.O. 

Alveolar-cell 

tumor 

Left lower lolio IMone 

Lolveetoniy. left 
loner lobe 

Living 2 yr. P.O. 

Alveolar-cell 

tumor 

Left lower loW ^oue 

Lobectomy, loft 
lower lolie 

Good iramed. re¬ 
sult. Contact 
lost 

uv Alveolar-cel] 
tumor 

KML voluminous. A'one at operation 
Alanv nodules in 
upper and lower 
lobes 

Eight pneumonec¬ 
tomy 

Lesion in left 
lung 7 mo. later 

Alveolar-cell 

tumor 

Left lower lobe, ;Xone 
right upper lobe, 
right lower lobe 

Lolveetoniy, LLL. 
Lobeetomy. ELL. 
t?eg. reseetion, 
portion of ELL 

Dead of rt. heart 
failure sixth 

P.O. day after 
second operation 

Alveolar-cell 

tumor 

ATone 

Lobeetomy, left 
upper lobe 

Clinically well 0 
mo. P.6. 

1 Alveolar cell 
tuninr 

Xone 

P neuTuoneet om v, 
right 

IXell (recently 
op. uneventful 
P.O.) 

' Alveolar cell 

tumor 

AH Inivof. both A'one 

lungs 

.‘tv-mpfomatie 

Dead 



Table IF. 


.AUTHOR AND DATE 

1 

AGE 1 

RAGE 

SEX 

DURA¬ 

TION 

SYMPTOMS 

roentgenogkaphic 

FINDINGS 

SPUTUM 

37. Good, Mc¬ 
Donald, Clagett, 
and Griffithro 
1950 

44 

w 

F 

11 rao. 

Productive cough and 
dyspnea on exertion 

Large mass in left 
lower lobe, many 
nodules throughout 
both lungs 

Watery, some- 
times yellow, 
occasionally 
foul. Bloody 
on few ocM- 


3S. Good, Me- 50 

Donald, Clagett, 
and Grilfithie 
1950 

59. Good, Me- 10 

Donald, Clagett, 
and Griffitliie 
1950 


•10. IVeiii!' 
1950 


03 


W M 2 yr. Chronic cough, 

dj’spnea on e.xertion. 
Substernal pain for 
3 mo. 

IV JI 3% mo. Shortness of breath 

and weakness. Pro¬ 
ductive cough 


N F 1 yr. Cough, copious spu¬ 
tum, night sweats, 
20 lb. wt. loss 


Poorly defined mass 
in right lung. Many 
nodides scattered 
throughout both 
lungs 

Diffuse nodular 
lesions involving all 
lobes of both lungs, 
sparing only the 
apices and costo- 
phronie angles 
Conspicuous density 
in lower half of 
right lung field in- 
volnng almost all of 
left 


sions 

Occasional 

blood 


Character not 
recorded 


About “a quart" 
daily; clear, 
watery, frotby 


41. IVeiraa 
1900 


42. IVeirin 
1950 


43. Davis and 
Siinono 
1950 


44. Davis and 
Siinono 
1950 


45. Davis and 
Siraono 
1950 


5S 


53 


S3 


70 


W 


■w 


ir 


iv 


w 


p 


F 


F 


F 


F 


44 mo. 


r wk. 


1 mo. 


(7 


yr. 


21 1110 . 


Sweats, loft sub¬ 
costal pleuritic pain, 
cough and sputum, 
vomiting 


Cough udth copious 
sputum, weakness, 
anoro.via, weight 
loss, nausea, vomit¬ 
ing 

Shortness of breatli, 
increasing fatigue, 
anorexia 


Chronic cougli, pro¬ 
fuse expectoration, 
15 Ib. wt. loss, 
irregular fever 1 
mo. prior to adm. 


Bight chest pain, 
dull. 5 lb. wt. loss. 
Later: constant 
hacking coiigli and 
increasing pleuritic 
chest pain 


Mar. 1947: density 
in It. base resem¬ 
bling unresolved 
pneumonia. 1947: 
infiltration in left 
lower lung field 
interpreted as 
chi onic pneumonitis. 
1948: same 

Miliaiy nodules 
througliout all lobes, 
botli lungs, most 
dense at Iiilar re¬ 
gions 

Irregular conglom¬ 
erated areas of in¬ 
creasing density in¬ 
volving tlic gicater 
part of both lung 
fields 

Infiltrative jirocess 
tliroughoiit both 
lungs with cyst 
formation in some 
areas. 1 wk. later: 
extension of pneu¬ 
monia on both sides 
with considerable 
LLL by more 
chronic disease and 
considerable in¬ 
volvement of BUL 
by a new process. 
This was inter¬ 
preted as lung cyst 
with infection. 

Infiltrative process in 
BJIL. Broncliog- 
raphy showed in¬ 
complete filling of 
bionchial tree in 
BML, otiicr bronclii 
normally outlined. 

C wk. later: com¬ 
plete opacity of 
rigid lower chc.st 


Purulent, later 

frotliy. 207 
c.c./day. Foae 
early in tlis- 
ease 


“Coffee can 
full” of 
watery, foamy 
sputum daily. 
Neg. for A1 u 
Fone 


Profu'^e. 
five for All? 


None when ad¬ 
mitted. fi "m- 
later: faint 
blood-strcnkeO 
sputum 



1 author’s 1 

1 nlAOHOStS ^ 

location of 

J.ESIONS 

} metastases I 

TREATMENT 1 

RESULT 

Alveolar-cell 

tumor 

All lobes, both 
lungs 

Kegional nodes and 
adrenals 

Irradiation 

Dead 

Alvcolav-eell 

tumor 

All lobes, both 
lungs 

None 

None 

Sudden death 10 
days after ad¬ 
mission 

Alveolar-cell 

tumor 

All lobes, both 
lungs 

Hilar nodes and liver 

None 

Died 1 da 3 's after 
adm. 

Pulmonarj- 

adenomatosis 

All lobes, both 
lungs 

None mentioned 

Supportive 

Dead 

t 

Pulmonary 

adenomatosis 

lucit lower lobe 
and lingula 

Hot stated 

IjCibeelotny, left, 
lomer lobe 

HeVd. 5 mo. P.O. 
coughing inces¬ 
santly. 1,183 c.e. 
sputum daily. 
Died shortlj' 

Pulmonary 

adenomatosis 

AU lobes, both 
lungs 

Hone mentioned 

Symptomatic 

Dead 

Alveolar-cell 

tumor 

All lobes, both 
lungs 

None 

Symptomatic and 
supportive; peni 
ciliin 

Dead 

Alveolar-cell 

tumor 

All lobes, both 
lungs. Botlv 
loner lobe.s and 
about % of eacli 
upper loljo con¬ 
solidated 

None 

Penicillin, aniino- 
pbyllino for pul¬ 
monary edema, 
digitalis 

Dead 


Alvpoliircell 

tumor 


All lol'cs of riirht 
Imijr 


Autopsy not (Jouc, 
Questionable vis¬ 
ceral and parietal 
pleural metastasis 


Penicillin and 
supportive 


X>icd about 9 mo. 
after explor. 
tboracotouiv 
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Taiiij: II. 






DURA- 


KOEXTGEXOGRAPIIIC 


AUTHOR AND i)ATK 

AGE 

RACE 

SEX 

TION 

SYMPTO^[S 

FINPIXGS 

sri'TPXi 


4G. Davis and 
Simons* 
1950 


47. Davis and 
Simon'J 
1950 


4S. 3ro3'orsr 
1950 


7S 


57 


AV F 1 mo. Productive cougli and 

ilj'spnoa. 15 lb. \vt. 
loss (had been on 
reducing diet). 

Eater: c^'anoHe, 
neck veins engorged, 
lethargic 

AV F 2 yr. Dy.spiiea 3 yr. Cliest 

cold 2 mo. Severe 
dv.spnea on adin., 
pain in left chest, 
ankle edema, en¬ 
gorgement of neck 
veins, evanosis 

AV F .I mo. Cough, increasing 

malaise, dj’spnca 


Mottled infiltration 
throughout entire 
right lung and simi¬ 
lar process in upper 
portion of left lung 


Not done 


49. Gagne<>s 
1950 


AV M 14 mo. Productive cough 


50. Paul and Juhlco .js 
1950 


AV 


9 mo.- Cough, eopioii.s spu¬ 
tum, che.st pain, 
dyspnea, chronic 
fatigue 


51. Paul and Juhlc'.i 
1950 


07 


AV 


M -1 mo. .Severe, persistent 

cough, copious spu¬ 
tum 


ilodornto 
nmounts, 
wliilo, foam.v. 
No AFl! on 
culture 


Blooily on 
•severnl occn- 
sions 


Adm: inerea.sed lung 
markings, all lung 
fields. Flocculent, 
structureless den¬ 
sity, rt. lower chest 
which obscured all 
lung markings. 1 
mo. later: lesion in 
It. base, similar to 
rt. Later spread to 
involve entire loft 
lower lobe 

Homogeneous opacity 
from it. hilum to rt. 
base. 2 yr. later: 
rt. costo’pbrenio sul¬ 
cus had become ob¬ 
literated and opacity 
had appeared at It. 
hilum. 1 yr. later: 
most of both lung 
fields were involved 
Alarked density, 
basal half, It. lung 
field. Alottlcd den- 
sit.v in It. mid-lung; 
upper % clear. On 
rt., homogeneous 
density, lower i/j, 
upper lobe, patoli.v 
and stringy densitj- 
from hilum along rt. 
cardiac border to 
tlie medial base. S 
mo. later: bilateral 
advance of disease 
Homogeneous density 
jmrnlleling It. car¬ 
diac border and e.\- 
tending from hilum 
down toward the 
ba.so. S mo. P.O.: 
increase in homo¬ 
geneous dcnsit.v bi¬ 
laterally with almost 
complete consobMa- 
tion of central and 
basal It. lung field : 
similar findings in¬ 
volving all of rigid 
lung except upper 

%_ 


A’cllowisli-aiiito, 
fiolliy. small 
amount. Xi'ia- 
five for .\YB, 
fungi, etc 


Clmrnctcr not 
recorded. A'c?. 
for rue. A'" 
Pap. until 2 
jT. after 
lesion found; 
alv.-oell Co. 

rccognirod 


Copious, clcnr, 
wntory 


Original nincoid, 
later Moo'l 
tinged, 'ler- 
minnl plu'*'.'-'= 
“several puitr 
daily, clear, 
watery. 
Papanicolaou 
showed “ab-_^ 
normal cells 
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author’s I 

DIAGXOSIS 1 

, LOCATION OP 1 

1 LESIONS 

METASTASES j 

1 

TREATMENT 

RESULT 

Alreolar cell 
tumor 

Both lungs, all 
lobes 

None 

Symptomatic and 
supportive 

Dead 

Aheolar cell 
tumoi 

Both lungs 

None 

Supportive 

Dead 1 day after 
adm. Art. sel. 
heait dis. and 
cardiac failure 

Pulmonaiy 
aU eolar 
adenomatosis 

All lobes, both 
lungs 

None 

Symptomatic 

Dead 

Aivcolai epi¬ 
thelioma of 
lungs, pul¬ 
monary 
pseudoadeno 
matosis 

Bilaterally diffuse 
terminally. 

Eight loner lobe 
initially 

None 

Symptomatic 

Dead (about 3 
yr. after adm.) 

Pulmonary 

atlenomatosis 

All lobes, both 
lungs 

None 

None 

Died during lung 
biopsy, 16 mo, 
after onset 


Pulmonary Originally Ipft Ploural at least 
adenomatosis lonci lobe. Later: 

all lobes tmtU 
lungs 


Left loner lobec- Jloribund 4 mo. 
tomy; no treat- after adm. 
went of recur- Probably dead 
reuce and/or 
s\>read 
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Tabix 11. 


AUTHOR AXD DATE | 

^ AGE 

^ RACE ] 

SE.K j 

1 DURA' 

1 TION 1 

1 SYMPTOMS 1 

ROEKTGEXORRAPniC 

FINDINGS 

SPUTU5I 

52. Paul and JuliP.'' 42 AA’’ 

1950 

HI Not Severe productive Rounded mass of soft 6-S ounces daih, 

stated cough; pain in left ti.ssue derrsity over- tenacious, 
hip lying upper medi- yellow 

astinum. AVedge- 
shaped areas of con¬ 
glomerate density 
in both central and 


53. Paul anil Julilnn 
1950 


42 


W II 2 mo. 


Clironie, profluctive 
cough. 50 lb. u t. 
loss in 2 mo. 


54. McCo\-52 

1951 


00 


W M 


14 mo. Marked dyspnea; 

severe, paroxysmal 
coughing, produc¬ 
tive 


55. AIcCoysz 
1951 


31 




liA mo. Dyspnea on exertion, 
niild nonproductive 
cough 


56. Peterson and 
HouglitoiU-i 
1951 


57. Peterson and 
HoughtoiUr 
1951 


59 


5G 


W 


AV 


M 


4 or Increasing cough, 

5 vr. marked fatigue 


iVt 2% yr. AA^eight loss, cough 


basal lung fields; 
triangular shadow 
on rt. at medial 
base. Bone destruc¬ 
tion, left hip 
Homogeneous den¬ 
sity obscuring 
middle % It. lung 
field. Bronchog¬ 
raphy showed mul¬ 
tiple car-ities com¬ 
municating \s'ith 
Imgular bronclms. 

6 mo. P.O.: wide¬ 
spread mottled den¬ 
sity, right lung 
Deviation oi tracheal 
and mediastinal 
shadow to rt.; dif¬ 
fuse, mottled in¬ 
filtrate, bilateral, ex¬ 
tending peripherally 
from the central 
lung fields. 14 mo. 
proviousl 3 ': numer¬ 
ous bilateral paren¬ 
chymal deposits 
1 wk. before adm: 
resembled miliaiy 
lubercniosis. Adm. 
films: diffuse mot¬ 
tling throughout 
both lungs most 
dense in the hilar 
areas and radiating 
well out into the 
peripheiy. Subse¬ 
quent x-raj's showed 
confluence of lesions 
Lt. hemidiaphragm 
elevated, several 
circumscribed areas 
of infiltr.ation in 
region of lingula, 
each measuring 1-2 
cm. diameter 
Poorly visualized rt. 
lung obscured b.v 
marked shift of 
mediastinum to rt.; 
generalized incr. 
density and atelec¬ 
tasis. jModerate in¬ 
filtration in all 
parts of this lung 
and similar process 
apparent on the It. 
with exception of 
the ape.x 


Foamy, tliicl, 

vellow-wliile, 

no blood. Oil 
standing vouM 
separate into 
upper foamy 
and bottom 
watery layer. 
One pint daily 


Clear, thin, 
frothy 


None. Papamc- 
olaou posilite. 
Class A' 


Hemoptysis 
once, prodne- 
tive cough 


Not st.ated 
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avthor's I 

mA-GKOSlS 1 

LOCATION OF 

IXSIOKS 

i ! 

1 METASTASES I 

[ TREATMENT j 

1 

I BESUPT 

Pulmonary 

adenomatosis 

Eight lung only 

Pericardium, hilar 
nodes, liver, 
adrenals, sternum. 

N-ray to bone 
lesion, hip 

Dead 


ilium 


Pulmonarii’ Originally left None at operation 
adenomatosis lung. P.O.; 

spread to entire 
right lung 


Pneumonectomy, Moriiiund from 
left spread to entire 

right lung 


Alveolar-cell All lohes, both Liver, tracheobron- Svinpfomatic Dead 
carcinoma lungs chial nodes 


AKcoIar-cell 

carcinoma 


All lobes, botli 
lungs 


Hilar nodes, vertebral Nitrogen mustard 
bone marrow without benefit 


Died of respira¬ 
tory insuffi¬ 
ciency (36 days 
after adm.) 


Pnbnonary Lingula 
adenomatosis 


None 


Pegniental resec¬ 
tion, lingula 


No evidence of 
recurrence 2S 
mo. later 


Pnlmnnnn- All Iobi-<. both 
adenomatosis luinm 


None described 


Nitrogen mustard. Dead 
!=treptomycin, no 
benefit 









38. Gopts'^ 
1951 

59. Ivpnt*!> 
1951 


mo. Uyspnoa, dry coiigli JS'ot described 


4 yr. Coiigli 4 yr. 2 mo. 

cough worse, spu¬ 
tum. Dyspnea, 
lassitude 


GO. Ken(m 
1951 


Gl. Kosenvood, 
lloiu'ot, and 
Aogortorss 

1951 


8 mo. Right pleural cfl'u- 
sioii, sterile and 
blood stained. In¬ 
creasing dyspnea, 
cough with scanty 
sputum, S lb. wt. 
loss 

yr. No symptoms (dis¬ 
covered on photo- 
fluorogram taken for 
prc-emplo.vmcnt 
application) 


G2. Volutcr and 
Rvwliii's 
195] 


G3. Rass and 
Singer7» 
1951 


59 IV 


5 mo. Symptoms of bron¬ 
chitis with produc¬ 
tive cough, asthenia, 
j)allor, cacho.xia 


Jl 15 yr. Cough and sputum 
for 15 yr. Adm.: 
sev(‘rc cough, 
dvspnea, weakness 


Extensive patchy 
consolidation 
throughout rt. lung 
with patchy col¬ 
lapse, posterior 
basal segment, 

BLL. Appearance 
suggests an old in¬ 
flammatory lesion 
with siiperadded 
bronchiectasis 
rather than car¬ 
cinoma. Left lung 
normal 

Rt. pleural effusion, 
infiltration and 
cavitation rt. upper 
zone. Appearance 
that of tuberculo¬ 
sis, no radiologic 
evidence Ca 

3% yr. preop: 
photofluorogram 
showed small 
rounded mass with 
central area of 
rarefaction at It. 
base (LLL). 2% 
yr. preop: x-ray re¬ 
vealed no change; 

2 ino. preop; in¬ 
crease in size of 
lesion 

Diffuse infiltration, 
right lower lobe. 
Emphysema; eleva¬ 
tion, right hilnm. 
Eater: numerous 
nodules throughout 
all lobes, right 
lung, except ex¬ 
treme npex 

Dense homogeneous 
opacity of rt. hemi- 
thora.x' with retrac¬ 
tion of trachea and 
mediastinum to rt. 
Bullous emphysema, 
It. upper lung. 
Mottled infiltration, 
lower 3/i, It. lung 
field. X-rays dur¬ 
ing past 1-5 yr. 
showed multiple 
evstic areas with 
fluid levels _ 


(o 07 ,., niucoiil, 
morning 


Scanty (hron- 
child n.'')nriiti’ 
ncg. sterile) 


None; negntivo 
r.P.D. tost, 
first strength 


Negntivo fn‘' . 
AFB: Papamc- 
olaoii nega¬ 
tive, pos. fOT 

PriodUuulor s 


Purulent; 

tive for 

Paiianicolnon 

not done 
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AUTHOR'S 1 

DIAGNOSIS ' 

, location of 

1 LESIONS 

METASTASES 

1 

TREATMENT ' 

RESULT 

Pulmonary 

adenomatosis 

Alt lobes, both 
lungs 

Hilar and supra¬ 
clavicular nodes, 
vertebral bodies 

Xone 

Dead 

Alveolar-cell 

carcmonia 

Eiglit lung 

Xone 

Fncurnouectomy, 

tight 

Died 24 hr. P.O. 
from prdmonaiy 
embolus 


Ah oolar-ecll RUL. icpiaced liy Supiactaviciilav nodes Xone 
earciiionva a gelatinous ' only, left 

lieniorrliagic 
mass 


Dead 


.Solitary pul¬ 
monary ade¬ 
noma (focal 
pulmonary 
adenomatosis) 


.Solitary tumor iu 
LTjD, near iater- 
lohar fissure 
directly bcneatli 
pleura" 


Xone 


Local enucleation Ali^e and noli 
plus margin of 2% yr. P.O. Xo 

lung tissue for recurrence 

biopsy 


Primary uni¬ 
lateral alveo¬ 
lar cancer of 
tUelung 


ULL solidified and Lis er, spleen, and 
eontnirred enrity. alidoniiiiai nodes 
Xodules, RilL ’ 
and KDL 


Symptomatic 


Died shortly after 
a dm. 


t'o e\istiiifr 
lol.ar adeno- 
caroinonra 
and cy.stie 
disease of 


Entire right lung ilediastinal lymph 
nods's 


Snppoitis’o 


Dead 
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Table II 


AUTHOR AND DATE 

AGE 

RACE 

SEX 

DURA¬ 

TION 

SVMPTOMS 

ROENTGENOGRAPHIC 

FINDINGS 

SPUTU-\r 

61. Abbottao 

19S\ 

67 

N 

M 

1 mo. 

Severe cough, weak¬ 
ness, wciglit loss, 
rales and rhonciii 

X-ray diagnosis: my¬ 
cotic infection 

Alinimal, mu¬ 
coid; malig¬ 
nant cells seen 

65. Abbottao 

1951 

60 

W 

F 

6 wlc. 

Cough, weight loss, 
anoresia, dyspnea 

X-ray diagnosis: 
lung abscess and 
bronchiectasis 

Moderate, mu¬ 
coid; Papanic¬ 
olaou nega¬ 
tive 

66. Abbottao 

1951 

60 

\v 

F 

3 yr. 

Cough, dj'spnea, 
weakness, anorexia, 
weight loss, fever 

X-ray diagnosis: 
diffuse lung tumor 

None 

67. Abbottao 

1951 

63 

AV 

M 

2 mo. 

Cough, weakness, 
dizziness, blurring 
of vision, dyspnea, 
rales, dullness, fric¬ 
tion rub over base of 

X-ray diagnosis: 
metastatic car¬ 
cinoma or fungus 
infection 

None 

68. Abbottao 

1951 

44 

AV 

M 

2 yr. 

right lung 

Cough, mucli sputum, 
weakness, fever, 
leukocytosis, pain 
in chest; impaired 

Not recorded 

Copious, iell.v- 
like 


resonance, moist 
rales, increased tac- 


69. KennamorS' 
1951 


39 AV 




tile fremitus 

13 mo. AVeakness, dyspnea, Originally: It. 

large sputum pro- pleural elTtision. 

duction. Onset rvas Later: liomogenc- 

with pleuritic pain, oiis density involy- 

fcver ing entire It. Iiemi- 

thorax and lower 


Blood streamed. 
On 1 oco. 3.3 
L. in 13 hi- 


ITsunlly 2-3 
pints daily. 
Neg. for AFIi 


70. AA''afson and 

62 

il 

9 mo. 

Cough, chest pain 

% of right 
Aliiltiple nodules 

Not exauiined 

Smithasf 







1951 

71. AA’atson and 

35 

A! 

2 mo. 

Chest pain 

Afass filling chest 

Xot examined 

Smitlissf 







1951 

72. AVatson and 

42 

lAI 

4 mo. 

Dyspnea and dys¬ 

Alultiplc nodules 

Not examined 

Smithssf 




phagia 



1951 

73. AATatson and 

55 

lAf 

5 mo. 

Cough 

Hilar mass: periph¬ 

Xot cx.-imined 

Smithss 




eral nodule 


1951 

74. AAratson and 
Smithnsf 

61 

F 

2 mo. 

Cough 

Solitary nodule; 
pleural effusion 

Negative foe 
tuhercnlo'is 

1951 

75. AVatson and 

55 

Af 

2 mo. 

Loin pain 

Hilar mass 

Not examined 

Sraithsst 







1951 

76. AVatson and 

59 

Al 

6 wk. 

Chest pain 

Hilar mass 

Negative for 

tuberculosis 

Smithnsf 






1951 

77. AVatson and 

59 

Al 

1 mo. 

Dyspnea 

Pleural effusion 

Not examined 

Smithes t 






Not exnmincd 

1951 

7S. AVatson and 

48 

Al 

0 mo. 

Back pain 

Hilar nmss 

Smithasf 






Not examined 

1951 

rrn f 

ui 

F 

6 mo. 

Bneumonia 

Solitary mass 
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AVITIIOK S 
DIA GNOSIS 
Pulmonary 
adenomatosis 
and alveolar¬ 
cell carci¬ 
noma 

Pulmonary 
adenomatosis 
and alveolar- 
cell carcinoma 
Pulmonary 
adenomatosis 
and alveolar- 
cell carci¬ 
noma 

Pulmonary 
adenomatosis 
and alveolar- 


Pvdmonary 
adenomatosis 
and alveolar- 
cell carci¬ 
noma 


j LOCATION OF j 

1 LESIONS 

METAST.VSES ^ 

TUEATME-NT 

Both lungs 

Hilar nodes 

None 

Eiglit upper nnd 
midiUe loltes 

None 

Pneiimonectoniy, 

right 

Both lungs 

Hilar nodes and 
pericardium 

None recorded 

Both lungs 

a 

Hilar and aortic 
nodes, liver, and 
adreiml 

None recorded 

Both lungs 

None 

None 


lU'.RUl.T 


Dead 


Dead 


Pulmonarj’ 

adenomatosis 


Terminal 
broneliiolar 
carcinoma 
Terminal 
broneliiolar 
carcinoma 
Terminal 
broneliiolar 
carcinoma 
Terminal 
broneliiolar 
carcinoma 
Terminal 
bi oncliiolar 
carcinoma 
Terminal 
bi oncliiolar 
carcinoma 
Terminal 
broneliiolar 
carcinoma 
Terminal 
broneliiolar 
carcinoma 
Terminal 
broneliiolar 
carcinoma 
Terminal 
broneliiolar 
carcinoma 


Both lungs 


Left upper lobe 
Left lower lobe 
Entire left lung 
Bight hilar area 
Bight lower lobe 


None 


HUar nodes and 
“distant” 

None 


Aniiiiiotlcs and 
supportive 


X-ray 

Pneumonectomy 


Dead 


Died 11 ino, after 
onset of sjTiip- 
toras 
Dead 


Dead 


Dead 


Dead 


Dead 


Died 1!) mo. P.O. 


Dead 


Died 11 mo. after 
onset of siTup- 
toms 

Alive and well 
after 5 yr. 


Yes. Location not Symptomatic 
recorded. “Distant” 

Yes “distant" (bone) X-ray to bone 


Kone 


Lobectomy 


Left lower lobe 

Yes. Location not 
recorded. “Distant” 

X-ray 

Scattered foci, 
entire It. lung 

Yes. Location not 
recorded. “Distant” 

Symptomatic 

Bight lower lobe 

Yes. Location not 
lecorded. “Distant” 

Symptomatic 

Left upper lobe 

Yes. Location not 
recorded. “Distant” 

X-ray 

Eight middle lobe 

Hilar nodes 

X-ray 
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AUTHOR AND DATE 

AGE 

RACE 

SEX 

DURA¬ 

TION 

SYMPTOMS 

ROENTGENOGRAPHIC 1 
FINDINGS i 

SPUTUM 

G4. Abbottoo 

1951 

G7 

X 

M 

1 mo. 

Severe cough, weak¬ 
ness, weight loss, 
rfiles and rhonchi 

X-ray diagnosis: my¬ 
cotic infection 

Alinimnl, mu¬ 
coid; mnlig- 
iiant cells seen 

G5. Abbott^o 

1951 

CO 

w 

r 

G wk. 

Cough, weight loss, 
anorexia, dyspnea 

X-ray diagnosis: 
lung abscess and 
bronchiectasis 

Aloderatc, mu¬ 
coid; P-ipanic- 
olnou iiegii- 
tivo 

GG. Abbottao 

1951 

GO 

AV 

F 

3 yr. 

Cough, dyspnea, 
weakness, anorexia, 

X-ray diagnosis: 
ditriiso lung tumor 

Xono 


weiglit loss, fever 


G7. AbIjott=" 
1951 


GS. Abbot tf'O 
1951 


G9. Kenimuicrs I 
1951 


(.lO 


14 


W 


j\r 


itr 


39 


■\\^ 


J[ 13 1110. 


Cough, weakness, 
dizziness, blurring 
of vision, dyspnea, 
rfiles, dullness, fric¬ 
tion rub over base of 
right lung 

Cough, uiueh sputum, 
weakness, fever, 
leukocytosis, pain 
in chest; impaired 
resonance, moist 
rales, increasod tac¬ 
tile fremitus 
AVeakness, dyspnea, 
large sputum pro¬ 
duction. Onset was 
with pleuritic pain, 
fever 


X-ray diagnosis: 
metastatic car¬ 
cinoma or fungus 
infection 


Xot recorded 


Originally: It. 
pleural ell'usion. 
Later: liomogciie- 
ous density involv¬ 
ing entire It. heini- 
thorax and lower 


Xono 


Copioii.s, jelly- 
like 


Blood sfroiiked. 
On 1 oec. 3.3 
L. in 12 
Usunlly 2-3 
pint.s dnilr. 
Xcg, for AFl! 


70. AAbitson and 

G3 

lAt 

9 mo. 

Cough, chest jiain 

of right 

Afultiplo nodules 

Xot c.'man'ned 

SmitUast 







1951 

71. AYatson and 

35 

JI 

2 mo. 

Chest pain 

Afass filling chest 

Xot cxnmiiied 

Smithast 







1951 

72. AYatson and 

43 

M 

4 mo. 

Dyspnea and dys- 

Alultiplc nodules 

ytot e-vaa'i'"’'^ 

Sraithast 




phagia 



1951 

73. AAratson and 

55 

M 

5 mo. 

Cough 

Hilar mass; periph- 

Not cxnudm'd 

Smithas 




ernl nodule 


1951 

74. AAkatson and 
.Smithas t 

G1 

F 

2 mo. 

Cough 

Solitary nodule; 
pleural ctl'usion 

Xegativc fpr 
(iihorculosis 

1951 

75. AYatson and 

55 

At 

2 mo. 

Loin pain 

Hiliir iiuisp 

Not exnuuned 

Smithast 







1951 

7G. AA’’aison and 

59 

M 

G wk. 

Chest pain 

Hilar mass 

Negative for 
tuberculosis 

Smithast 






1951 

77. AAbatson and 

59 

Jl 

1 mo. 

Dyspnea 

Plouriil en’iisiou 

N’ot examined 

Smithast 

1951 




Back pain 

Hilar mass 

Not examined 

78. AAbitson and 

48 

At 

0 mo. 

Smithast 






Not examined 

1951 

79. AYatson and 

41 

F 

G mo. 

I’ncumonia 

Solitary mass 

Smithas f 

1951 






__ 
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I LOCATION OF 1 

1 




j LESIOKS 1 

i ilETA^STASES 

TREATMENT | 

RESTJET 

Terminal 

Lett upper lobe 

Hone 

“V” excision 

Alive and well 

bronchiolar 


tumor 

after 5 yr. 

carcinoma 




Terminal 

Bight and left 

Yes; location not 

Symptomatic 

Died 6 mo. after 

bronchiolar 

lungs 

recorded “distant” 

onset of svmp- 

carciiiDma 




toms 

Terminal 

Left upper lobe 

Y'es; location not 

X-rav to metns- 

Died 16 mo. later 

bronchiolar 

earcinoma 

recorded “distant” 

tasis 



Terminal 

Left upper lobe 

Y'es: location not 

Sj-mptomatic 

Died 15 mo. later 

bronciuolar 

carcinoma 


recorded “distant” 



Terminal 

Bigbt upper lobe 

Hilar nodes 

Tboracotomr; in- 

Died 6 mo. later 

broncliiolar 

carcinoma 


operable 



Terminal 

Bight upper lobe 

Hone 

Pneumonectomy 

Alive and well 26 

bronchiolar 

caremoma 



mo. P.0, 


Terminal 

bronchiolar 

Left upper lobe 

Hilar nodes 

Pneumonectomj- 

Died 9 mo. P.O. 

carcinoma 

Terminal 

bronchiolar 

Bight lower lobe 

Hilar nodes 

Pneumonectomy 

Died 6 mo. P.O. 

careinoma 

Terminal 

bronchiolar 

Left louer lobe 

Hilar nodes and 
“distant” 

SiTnptomatic 

Died 12 mo. later 


carcinoma 
Terminal 
bronchiolar 
carcinoma 
Tenainal 
bronchiolar 
carcinoma 
Terminal 
bronchiolar 
carcinoma 
I Terminal 
bronchiolar 
carcinoma 
Terminal 
bronchiolar 
carcinoma 
Terminal 
bronchiolar 
carcinoma 
Terminal 
bronchiolar 
carcinoma 
Terminal 
bronchiolar 
carcinoma 
r Teiminal 
broncliiolar 
carcinoma 
Terminal 
bronchiolar 
carcinoma 
Terminal 
bronchiolar 
carcinoma 
Terminal 
bronchiolar 
Carcinoma 
Terminal 
bronchiolar 
carcinoma 


Bight lower lobe Hilar nodes 


Segmental resec¬ 
tion and radia- 


Alire S mo, P.O. 
with dis. I 


Left upper lobe 

Hilar nodes 

ilua 

Pneumonectomy 

-Alive and -well 8 




mo. P.O, 

Entire left lung 

Hilar nodes 

Pneumonectomy 

Died 4 days P.O. 

Entire left lung 

Hilar nodes and 
“distant” 

S-ray 

Alive 7 mo. 

Bight hilar area 

Hiiar nodes 

Pneumonectomy 

Alive 5 mo. P.O. 

Eight upper lobe 

Yes "distant” 

H-ray 

-Ahve 3 mo. after 




treat. 

Left upper lobe 

Hone 

Lobectomy 

Alive 2 mo. P.O. 

Bight upper lobe 

Hone 

Pneumonectomy 

-Alive 6 mo. P.O. 

Left lung 

Yes “distant” 

X-ray 

Died 5 mo. after 




treat. 

Eight upper lobe 

Hone 

Pneumonectomy 

Alive 3 mo. P.O. 

Bight hilar area 

Hilar nodes 

Thoracotomy* 

Alive 3 mo. 



x-ray 

Diffuse, both lungs 

Yes “distant” 

Symptomatic 

Died 4 mo. later 


Diffuse, both lungs Yes “distant” 


S-raj 


■Alive 3 mo. later 
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Table II. 



> j 



1>DKA- ' 

1 

ROEiVTGEXOGRArJIIC 


AUTHOR AXB DATE 

1 AGE j 

RACE I 

SEX 

TJOX 1 

1 SYMl'TOJfS 

FIXtnXGS 

SPurcM 


so. Watson and 

50 

M 

— 

JTone 

Infiltrative mass 

A’ot c.xamiiiod 

Smitlissf 

lOol 







SI. Watson and 

51 

M 

5 mo. 

Pneumonia 

Multiple nodules 

A'ot examined 

Siuitlissf 

1951 







89. Watson and 

2S 

U 

0 mo. 

Shoulder pain 

Mediastinal mass 

Kot exaiiiinrd 

Smitlissf 

1051 





Xol examined 


SO. lYatson and 

57 

F 

10 mo. 

Pain, cervical sj)ine 

Pleural effusion 

Smitiissf 

1951 





Papanicolaou 


SI. Watson and 

39 

U 

4 mo. 

Chest 2 )ain 

Mediastinal mass 

Smith-‘St 

1951 





Class lU 

Papanicolaou 
Class V 


So. M'atsou and 
Smithssf 

(52 

M 

1 mo. 

Chest pain 

Solitary mass 

1951 






Papanicolaou 

SO. Watson and 

5S 

F 

1 mo. 

-Chest pain, n-hcezing 

Solitary mass 

Smithes } 





Class ^ 

1951 

S7. Watson and 

50 

U 

3 luo. 

Virus pneumonia 

jrnUiple nodules 

PapUHicol'ioii 

CUiPS V 

Smithi'sf 





1951 

S8. Watson and 

59 

It 

1 yr. 

Py.s[)nea 

Patcliy density 

Papanicolaou 

Class V 

Sinitlisst 




1951 

S.O. Watson and 

59 

U 

_ 

None 

.Solitary mass 

Not examined 

SniitUss-t 







1951 

90. Watson and 

43 

F 

■ 

None 

Solitary mass 

Not p.xnmined 

Smitliost 







1951 

91. Watson and 
Smithes 

57 

jr 

3 mo. 

Chest pain 

Pleural effusion 

Papanicolaou 

Class 1, no?*- 

1951 

92. Watson and 

01 

M 

5 mo. 

Chest pain 

Pleural eft'usion 

Not examined 

Smithes 







1951 

9.1. Watson and 
Smithes 

51 

sr 

G mo. 

Cough 

Hilar mass; patchy 
density 

’ll 

1951 

94. Watson and 
Smithss 

0(5 

Jr 

9 ino. 

Cough 

Hilar mass; atelec¬ 
tasis 

Papanicolaou 

Class II 

1951 

95. Watson and 

50 

iW 

5 mo. 

Pyspnea 

Solitary mns.s 

Paimuicolaou 

Clas.s ITT 

Smithes 






1951 

9(5. Watson and 

52 

F 

1 

Jlysprica 

.Solitary mass 

Papanicolaou 

Glass in 

Smitli^s 






1951 

97. Watson and 

02 

jr 

1 mo. 

Chest pain 

IrifiKrative ma.ss 

Papanicolaou 

Class I 

Smith-'S 






1951 

98. Watson and 

55 

F 

— 

ICoiio 

Solitary mns.s 

Papanicolaou 

Class IT' 

Smithes 







1951 

99. Watson and 

41 

jr 

1 yr. 

Cough 

Hilar mass 

Papanicolaou 

Class IT' 

Sruith'''S 






Pnpanicol.ao” 

Class IT' 

1951 

100. Watson and 

71 

iir 

3 ino. 

Chest i)ain 

Jlultiple nodules 

SmitIi‘''S 






Papanicolaou 

Clnss IV 

1951 

101. Watson and 

56 

jr 

1 mo. 

Cough, chest pain 

jrultiple nodule.s; 
bilateral 

Smitti58 

1951 





-— 
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1 LOCATIOX OF I 


i j 



1 LESIOXS ' 

mctastases 

1 TREATMEXT | 

RESULT 


Cerminal 

bronchiolar 

Bight upper lobe 

None 

Lobectomy 

Alive 3 mo. mth- 
ont disease 

carcinoma 

Pulmonary 

adenomatosis 

Loner portions, 
botli lungs 

Isot recorded 

Irradiation ivith 
no diminution. 
Later nitrogen 
mustard with no 
apparent benefit 

Present status 
unknown, prob¬ 
ably dead 

Pulmonary 

adenomatosis 

All lobes on right. 
Left upper lobe 

Xot recorded 

Symptomatic 

Died of respira- 
torv insuffi- 





cienCY 

Alveolar cell 
tumor of the 
lung 

KilL at operation. 
At post-mortem 
entire remaining 
right lung; about 
Vi of left upper 
lobe 

Right cerebral hemi¬ 
sphere, 2 tracheo¬ 
bronchial nodes, 1 
periaortic node, liver 

RhIL lohectomv. 
followed by 
irradiation. 
Symptomatic 
treatment only 
for spread 
and recurrence 
d yr. later 

Good palliation 
after lobectomv, 
2 I 2 yr. Then re¬ 
currence and 
death 

Pulmonary 

adenomatosis 


IS'one 

•Symptomatic 

Dead 


1 
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Table II. 






DURA- 


ROEKTGENOGRAPHIC 


AUTHOR AND DATE 

AGE 

RACE 

SEX 

TION 

SYMPTOMS 

FINDINGS 

SPUTUM 

102. TVatson and 
Smiths s 

49 


F 

— 

None 

Solitary mass 

Papanicolaou 
Class HI 


1951 

103. Kern, Lewin¬ 
sky and Cur¬ 
rants 

1952 


65 W M 


104. Dennis, Baby, 51 W S mo. 

I and Hilden- 

brand^s 

1952 


Cough, fantastic 
amounts of sputum 


Productive cough, 
shortness of breath, 
30 Ib. wt. loss; 
weak and emaciated, 
respirations loud 
and gurgling; had 
had chills and fever 


Bilateral mottled 
densities in lower 
portions of both 
lungs and a con¬ 
fluent density mas¬ 
sive, LLL. iiottled 
and confluent den¬ 
sities in lower ^ of 
rt. lung and lower 
% of left lung 
Initially: homogene¬ 
ous inflltration in 
peripherj' of EUL 
and in It. base. 7 
mo. later: Homo¬ 
geneous consolida¬ 
tion of entire EUL, 
partial consolida¬ 
tion of rt. middle 
and lower lobes and 
the LUL 


Huge quantities, 
clear, frothy, 
mucoid. 
Strongly suspi¬ 
cious of pul¬ 
monary adeno 
matosis 


On adm: frothy, 
yellow re¬ 
sembling pale 
soapsuds 


105. White, Mad- 34 W 
8 ding, and 

Hershbergerss 

1952 

9i 


9 


91 


9J 


94 


95 106. Valentine and 41 TV 

TVynn-TVil- 

liams^e 

96 1952 


97. 


98. 

99. 

100 . 

101. 


M 


F 


Prob¬ 
ably 
11 yr. 


About 
1 yr. 


Productive cough, 
wt. loss of 35-40 lb. 
in one yr. 


Lt.-sided pleurisy 15 
yr. previously; lt.- 
sided pneumonia on 
at least 4 occ. 

Cough, fever, spu¬ 
tum, dyspnea on 
exertion about 1 yr. 

5 mo. after adm.: 
wt. had fallen 13 
lb.; cough very 
troublesome. 8 mo. 
after adm: clubbing 
of lingers noted. 9 
mo. severe dyspnea 
and pyrexia. 11 
mo.: severe dyspnea, 
cyanosis, cough and 
frothy sputum 


7 yr. preop: unre¬ 
solved pneumonia, 
ELL. 4 yr. preop: 
ELL lesions had be¬ 
come more exten¬ 
sive. 1 yr. preop: 
disease more exten¬ 
sive in rt. chest and 
entire It. lower lung 
field was involved. 
Time of op: Con¬ 
solidation of rt. 
lower lung field and 
probable pneumonic 
process, LLL. 3 yr. 
P.O. The pulmonary 
process had become 
more extensive 


Copious, thick, 
frothy, muco¬ 
purulent, 
streaked with 
blood 


Extensive shadowing 
over the rt. lung, 
most marked in 
middle zone but 
also extending into 
the lower and 
slightly into the 
upper zones. Tlie 
whole It. lung field 
was opaque but in 
the upper and 
middle zones there 
were radiolucent 

areas of the typ® 

seen in cvstio 
, T ip.se 


shadows were seen 
to be an extension 
of those noted in 
films made 1 yr. 
prior to adm. 5 mo. 
after adm: exten¬ 
sion of shadows on 


1-2 oz., frothy; 
bloody on 
several occa¬ 
sions 
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i LOCATION* OF 

1 




1 LESIONS 

j JIETASTASES 

TREATMENT 

RESULT 

pTilmouaiT 

adenomatosis 

Both lungs 

Xone 

Symptomatie 

Dead 


PulmonaTT Both lungs Mediastinal and 2\one Dead 

adenomatosis cervical nodes 


Terminal All lobesj both Hilar and para- 

faroachiolar or lungs tracheal nodes 

"alveolar- 
cell" carci¬ 
noma of lung 


Svmptomatic Died on ISth 
hospital dav 


Pulmonarv Eight lower lobe None 
adenomatosis 


Bight lower lobe Died at home 6 

lobectomv mo. P.O. 


Alveolar-cell Both lungs. LUL 
carcinoma completelv con¬ 
solidated (prob¬ 
ably primary 
here) 


Extensive Ivmphatic Xone 
involvement. Glands 
at hilum, lymphatic 
involvement along 
aorta into abdomen: 
surface of heart: 
right lobe of liver, 
kidneys, spleen 


recorded Pt. gradna-lly 1 
■weaker, more j 
dyspneic. pulse 1 
failed. Dead 22] 
days after adm,| 

I 

[ 
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Table II, 


AUTHOR AND DATE 

AGE 

RACE 

SEX 

DURA- 
1 TION 

SYMPTOMS 

ROENTGENOGRAPHIC 

FINDINGS 

SPUTUM 

107. Valentine and 
Wynn-V'il- 
liainszo 

1952 

73 

w 

p 

9 mo. 

Increasing dyspnea, 
slightly productive 
cough 

Dense sliadowing 
over the lower and 
middle zones of the 
rt. lung, also slight 

Small amount, 
blood tinged 


IDS. Valentine and 
Wynn-tVil- 
lianis-f 
1932 


109. Duuiiam and 
S Smith ro 

1952 

9 


9 110. HutcliinsonAO 
1952 


o; 

111. 3lutclunsoni3 
9C 1952 

97 

98 

99 

100 . 

101. 


80 . W M “Sever SUortnoss of breath 

aJ” mo. on exertion, niarked 
weight loss, pro¬ 
gressive weakness: 
eongh and spntum 
for 1 mo. 


64 W M 2 mo. Dyspnea, orthopnea, 

chronic cough and 
hemoptysis, 2 wk. 
Progressive weak¬ 
ness and fatigability 
for 2 mo. Occa¬ 
sional chest pain 
36 1 P 6 mo. Easily tired, fre¬ 

quent cough, ex¬ 
pectoration for 6 
mo. At 5 mo. prior 
to adm: pneumonia 
for 1 mo.; never 
fully recovered: 
thereafter chest 
pain persisted. On 
adm: dyspneic 
even at rest, fre¬ 
quent cough 


38 9 M 4-5 mo. Persistent cough for 

4-3 mo.; loss of 
weight, breathless¬ 
ness, 2 mo.; sputum 
worse during this 
period. Blood¬ 
stained sputum for 
10 days prior to 
adm. On adm: 
severe dyspnea and 
short hacking 
paroxysmal cough; 
emaciated and 
cachectic 


tipper zone; some 
rounded densities in 
the upper and 
middle zones of It. 
lung 

Slightly raised right 
hemidiapliragm, ob- 
senved costophrenic 
angle. Interlobar 
septum slightly 
thickened, moderate 
opacity of the 
middle zone, spread¬ 
ing slightly above 
and below it 
■Widespread diffuse 
nodular lesions bi¬ 
laterally with con¬ 
fluence in left mid- 
lung and riglit base 

Ill-defined opacity iu 
lower part of rt. 
lobe with some 
faintly defined^ 
nodular opacities in 
upper part of rt. 
lobe; RUL and 
other lung appeared 
normal. 3 mo. P.O.: 
X-ray evidence of 
involvement of both 
the remaining por¬ 
tions of rt. and left 
lungs 

Diffuse mottling of 
both lungs, more on 
left than right. 
Diagnosis; TBC9. 
tumor? 


Amount and 
character not 
noted 


Pink tinged; 
Papanicolaou 
positive 


Strikingly 
large quan¬ 
tities; w/iitc, 
frothy (clw 
watery layer 
on standing) 


“tVorso” during 
2 ino. before 

admission. 
Blood stninen 
for 10 days 
prior to ad¬ 
mission 
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OF 

AUTHOR’S 

LOCATION OF 




S 

DIAGKOSIS 

LEStONS 

METASTASES 

TKEATKENT 

RESULT 


n So-called pul- Both lungs 
monary 
adenomatosis 


None distant. (Blood None recorded Died on 5th 
vessels at periphery hospital day 

of lung, tracheo- 
broncliial lymph 
node.) Also intimal 
edge of branch of 
pulmonary artery 


Papillary earci- Bight upper lolje, None by clinical evi- 
noma of the right middle lobe denee (necropsy not 
lung (so- done). Tumor cells 

called pul- found in blood 

monary vessels 

adenomatosis) 


Bight pneumonec- Died outside ot 
tomy hosp. 


isy So-called pul- Left lung 
s- monary 

e- adenomatosis 


None recorded Left pneumonec- Died outside oi 

(necropsy not done) tomy hosp. 


tesis ; 
‘tern 


Alvoolar-cell 

carcinoma 


All lobes, both 
lungs 


A isceral and parietal Kone recorded Dead 
pleura on Tt.j vis- 
ceral pleura on It; 
diaphragm, hilar 
nodes (autopsy 
limited to thorax) 
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AUTHOR AND DATE 
112. Tillett and 
Hirschu* 

1952 





DURA¬ 

AGE 

RACE 

SEX 

TION 


113. Tilleft and 
Hirsclu^* 
1952 


involvement of tablespoon of 
tlie middle lobe brown sputum 

daily 


9 114. Tillett and 
Hirschr-i* 
1952 
9 


115. Fisher and 
Hollevuo* 


DUKA- ROENTGENOGRiVPHIC 

TION _SYMPTOMS. FINDINGS 

15 JT.- Chronic, nonprod. Widespread inliltra- 
? cough for 15 yr.; tion of lung fields 
worse past 5 mo. 6 with a maximum in- 
wk. prior to adm: volvement of the 

cold with mod. right upper lobe 

severe cough pro¬ 
ductive of yellow 
green phlegm. 

Anorexia for past 4 
wk. 10 II). wt. loss. 

Several days before 
admission: dyspnoic 
with fever of 101° 

F. 

3-4 mo. 3-4 mo. prior to a'dm; Atelectasis of right 
became dyspneic. upper lobe and 

About 1 mo. later: some involvement of 

cough when lying the middle lobe 

down, productive of 
about a tablespoon 
of brown sputum 
daily (about 3 yr. 
before had a pneu¬ 
monia which cleared 
uneventfully) 

18 mo. 2 yr. before adm.: X-rays of G.T. tract 

1 pleurisy of left were negative. X- 

chest, 1 yr. later; ray of chest not 

recurrence of this recorded 

from which he 
never fully re¬ 
covered. Gradually 
increasing shortness 
of breath for 18 
mo. Occasional 
cough productive of 
copious white, 
frothy sputum 
which for 1 wk. 
had been streaked 
with blood. Puring 
1 mo. before ad¬ 
mission: almost con¬ 
stant chest pain 

About Pyspnea, chest pain, Large quantity of 

2 mo. considerable weight fluid in right 

loss. Later: became pleural space. Fair- 
morc emaciated and l.V extensive fibrosis 
weaker quite rapidly in right upper lobe. 

No lesions seen in 
left lung __ 


I SPUTUM 

(1 wk. before 
admission: 
yellow-green 
phlegm 


2-3 mo. before 
adm: about a 


X-rays of G.T. tract 
were negative. X- 
ray of chest not 
recorded 


“Copious/' 
white, frotli.v. 
Streaked with 
blood for 1 
wk. prior to 
adm. 


Not mentioned 


01. 
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ATITHOS’S 

DIAGNOSIS 

t LOCATION or 
j IXSION5 

1 ilETASTASES | 

treatment 

KESFLT 

Alveolar-cell 

carcinoma 

All lobes, both 
lungs 

Hilar, mediastinal 
and abdominal 
lymph nodes; liver. 

Xone recorded 

Dead 


left kidney, 
adrenals, ribs and 
Tertebrae 


Alreolar^ell AU lobes, both 
carcinoma Inngs 


Hilar and mediastinal Xone recorded Dead 
lymph nodes, peri- 
cardinm, eighth left 
rib, liver, spleen 


Alveolar-cell All lobes, both Hilar Ivmph nodes of Xone recorded Dead 
carcinoma lungs both lungs 


a Alveolar-cell 
carcinoma 


All lobes, both 
longs 


HUar Ivmph nodes of Xone recorded Dead 
both lungs, peri¬ 
cardium, sternum 


Alveolar-cell Right lower lobe Xone 
carcmoma of 

lung 


Right lower 
lobectomy 


Recurrence S yr. 
later with involv. 
of remaining 
portion of rt. 
lung and chest 
trail. Pneumo- 
nectomy 
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Table h. 


AUTHOR AND DATE 





DURA- 


ROENTGEaVOGR-VI’HIC 

age: 

RACE 

SEX 

TION 

1 SYMPTOMS 

FIXDIXGS 


SPDTDM 


IIG. Fisher and 
llolleyso’' 
1953 ‘ 


47 


y 


M 


Less 
than 
3 mo. 


On adm.: coiigli, ex- Inmnncrablc stippled 


areas of increasing 
density in both lung 
fields. Suggested 
diagnosis: miliary 
T.B., pulmonary 
mycosis, and mota- 
statie Ca (most 
probable) 


! 117. Fisher and 
Hollev»o* 
1953 ■ 


IIS. Fisher and 
Hollevoo* 
i; 1953 ■ 


61 


AV 


M 


54 


AA^ 


About 
1 mo. 


About 
10 mo. 


pect oration, lower 
left chest pain. 

Later: left shoulder 
pain. Uospital 
course: progres¬ 
sively downhill with 
dyspnea, cyanosis, 
fever, wheezing 
respirations, weak¬ 
ness, weight loss 

For 1 mo.: dyspnea, lliffusc mottling of 
wheezing respira- both lung fields 

tions, productive (suggestive of mili- 

cough. Hospital ary T.B. but more 

course: became very probable diagnosis 
weak and deteri¬ 
orated rapidly 


Present hut not 
described. 
Negative for 
TBG. 


Present but 
amount not 
described. No 
hemoptysis 


was pulmonary my¬ 
cosis) 


About S% mo. prior AVidespread, rather None 


fine mottling of 
both lung fields. 
Suggested diagnosis: 
pulmonary adeno¬ 
matosis 


9 119. Fisher and 

Holleyso* 

1953 

9 


62 


AA^ 


M 


to adm.: “chest 
cold,” dyspnea on 
exertion. About 
mo. prior to ad¬ 
mission : “bron¬ 
chitis.” On adm.: 
increasing dyspnea, 
unproductive cough 
made worse by lying 
down 

About AA'eakncss, chest pain, 5 mo. prior to onset 

3 mo. wheezing and cough 
with scanty sputum. 

On admission: 
weight loss, slight 
fever. Later: weak¬ 
ness and dyspnea 
progressively worse 


91 


9i 


120. Dclarue and 
Graham-fu* 
9f 1949$ 


99 


35 


AY 


M 


S-12 Chronic productive 
mo, cough. Sonic dysp¬ 
nea on exertion 
until palpitation and 
vertigo 


of symptoms: films 
during chest survey 
passed as within 
norma] limits. On 
adm.: scattered, 
densely mottled in¬ 
filtration throughout 
both lung fields; 
piovisioual diagno¬ 
sis: miliary T.B. 1 
mo. after adm.: bi¬ 
lateral c.xteiision of 
disease; diag. con¬ 
sidered: fungus in¬ 
fection of lungs, 
miliary T.B., and 
carcinomatosis (most 
likely) 

Infiltrative process in 
file right lower tung 
field 


Scanty 


34 cup of foul- 

smelling 
grccnish-ycl- 
Tow sputum 

daily- 

hcmopt.v.sis on 
1 occasion 


Case not included In the statistical analyses on wliicli the Kiaptis are based. reported 

■ ■■■ tliose cases were prcviousu 


t-Altlioiieii not so indicated in the report of Watson and .'imitig' 
by Smitli, Knudtson, and AYatson" in 19-19. 

101 


tNot listed in proper chronoloeic order tliroueb an ovcrsiglit. 
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COKCUUSIOXS 

>So-called benign pulmonary adenomatosis and malignant terminal bron- 
ehiolar or alveolar-cell carcinoma are one and the same condition, varying 
only in their degree of malignancy in different patients or in separate portions 
of the same tumor. The precise site of origin has not been definitely deter¬ 
mined. The best evidence appears to indicate that they begin in the terminal 
bronchioles. They clearly arise in the periphery of the lung and rvlietlier 
it is from the alveoli or the bronchioles is clinically unimportant. Although 
many authorities have exiiressed the opinion that this disease is of multi¬ 
centric origin, no convincing evidence to substantiate that opinion could be 
found. On the contrary, the established facts appear to indicate that the 
lesion begins in a single focus from which it may spread by local extension, 
lymphatic or blood-borne metastases, or bronchiogenic dissemination. 

There are no distinctive clinical or radiographic features by which tlie.se 
tumors may be definitely recognized. In general, early s.vmptoms are 
minimal or absent and the late complaints are those of any widespread chronic 
pulmonary disease. Certain characteristics, sometimes said to be typical of 
this disease, such as diffuse nodular lesions involving all five lobes of the 
lungs and the expectoration of huge quantities of glairy mucoid s]nitum. 
are late manifestations, seen principally in patients whose prognosis is hope¬ 
less. Among the various diagnostic methods which have been employed m 
the recognition of these tumors, only cytologic study of the sputum and 
histologic examination of the excised lesion have proved to be of real viilue. 
Search of the sputum stained by the Papanicolaou method has proved most 
rewarding and merits ividespread use in the study of jiatients in whom thi.s 
disease may be suspected. 

Excisional surgery is the only hopeful treatment. In view of the 
peculiar growth characteristics and manner of spread of this neoplasm, con¬ 
servative pulmonary resection would seem to be the treatment of choice m 
a majority of patients. Surgical treatment of ])atients with binnchiolar car¬ 
cinoma was begun so recently that sufficient time has not elapsed to permit the 
accumulation of a large series of patients for five-year follow-up. There are 
indications, however, that with early resection the five-year survival rate 
in this group may be better than with any other lung cancer. 
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DISCUSSION 


DE. H. BEODIE STEPHENS, San Francisco.—I am certain that the Association 
is grateful to Captain Storey for this thoughtful study of a neoplasm that he terms alveo¬ 
lar carcinoma. Some of you rvill recall that Dr. Shipman and I reported a case and termed 
it pulmonary alveolar adenomatosis; this neoplasm occurred in a housewife 51 years of 
ago who had been operated upon in 1948. We reported this case at tlie New Orleans 
meeting of the Association in 1949. This patient is still alive; she has demonstrated 
progressive pulmonary involvement, almost complete of the right lung by a snowy in¬ 
filtrate, and of approximately the lower one-half of the left lung. Malignant cells have 
never been seen m the sputum from this patient; many sputum studies have been done. 

(Slide.) I should like to review again the peculiar appearance of this particular 
tumor. This is a photograph of the right lower lobe; note the waxv appearance of the 

"iMw ^ bronchus and allowed to 

Eolidifj The disease was not in the regional lymph nodes and seemed to be confined to 
the riglit lower lobe at tlie time of operation, 

(Slide.) This demonstrates the patchy involvement of the lung parenchvma Normal 

alvcol, are seen adjacent to the adenomatous area. The columnal cells forming the 
appear to rest upon the alveolar framework yet do not invade across it. ^ ^ ^ 
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DK. VTILLIAit L. -SVATSOX, Xew Tork.—We saw our first patient with so-calied 
alveolar-ceU carcinoma in 1932. Since then we have been seeing them with increasing 
freqnencv. I have one patient about whom I would like to tell von because it may add 
some information regarding the life history of this unusual tumor. 

(Slide ) This is the film of a 65-year-old nurse in our hospital who consulted the 
medicar sendee because of a cough and' a slight fever in December, 1949. She received 
symptomatic treatment, and a routine x-ray examination of the chest was taken which 
showed a small area of increased density in the right lower lung field. The symptoms 
cleared up and she was allowed to go back to work in the operating room. 

(Slide.) About two months later another roentgenogram of the chest was taken 
and it again revealed a mass in the right lower lung field. 

(Slide.) Four months later another film was taken and showed an enlargement of 
the mass density. 

(Slide.) Six months later another film was taken and in 1951 still another film was 
taken. In ilarch, 1952, two years and four months after the original x-ray film, the 
patient was referred to the thoracic surgical serrdee. Bronchoscopy was done and it was 
entirely negative except that we washed the bronchus out and Dr. Papanicolaou studied 
these washings and said it was loaded with cancer cells, probably of the alveolar-cell 
type. A pneumonectomy wag done- 

(Slide.) The bronchi from the major bronchus on down were opened and no primary 
tumor of bronchial origin could be elicited. The tumor, as you see, is out in the periph¬ 
ery, and it is a tyTiical so-called “terminal bronchiolar or alveolar-cell carcinoma.” lUe 
did a complete pneumonectomy and node dissection, and the nodes were negative. 

(Slide.) IVe have 60 of these patients with alveolar-cell cancer and have done 34 
operations; IS pneumonectomies, 4 lobectomies, 2 segmental resections, and 10 exploratory 
thoracotomies. The operability rate is 57 per cent, but the resectability rate is 70 per cent. 

(Slide.) Of the 18 patients having pneumonectomy, S are alive, 1 for five years, 2 
for two years, and 5 for one year or less, li'ith lobectomy, the number of patients alive, 
4; number of patients operated on, 4; 1 alive for eight years, 2 for two years, and 1 for 
one year. 

(Slide.) This salvage rate in the group operated upon more than five years ago 
shows the inaccuracy of all statistics. Here we have a 40 per cent five-year cure rate of 
this tumor by excisional surgery. Xone were cured by x-ray therapy, and none survived 
who had no treatment at all. In addition we have found that 21 per cent of our 60 
patients did not have any symptoms prior to the time the cancer was picked up on routine 
chest examination. 


Captain storey (Closing).—I wish to thank all the discussers for their interest¬ 
ing comments. Our experience with cytologic studies of the sputum in patients with 
bronchiolar carcinoma has been somewhat similar to that of Dr. Stephens. IVe have not 
had quite as good results with the Papanicolaou examination in our personal cases as Dr. 
Watson and his group have had at ilemorial Hospital, nor have we been as successful in 
making a diagnosis by this means as Dr. MacDonald and his associates at the ilavo 
Clinic. I have personally studied manj- histologic sections from a large number of the=e 
lesions and 1 know that the picture varies considerablv. 

It IS my opinion that whether the Papanicolaou is positive or negative is probablv 
influenced considerably by the extent of the papillary projections within the alveoli 
These are the tiny fragments of tumor which break off, are expectorated, and can be 
recogmred histologically, not only as tumor cells, but in some cases it is possible for the 
pathologist to suggest the specific diagnosis of bronchiolar carcinoma when thev are seen 
in the Papanicolaou preparation. The individual cells themselves are frequentlv onite 
benign in appearance and I believe that unless clumps of cells, as ilacDonald^vfl 'w * 
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(Slide.) Sere is the Iiigh-povrer pliotomicrograpli. These cells, _vou will uotice if 
' ou study them carefully, do not completely encircle the alveolar framework. They are 
columnar cells, goblet in type, secreting mucus. They appear similar to those Dr. Storey 
has shown today. 

Our own Dr. Graham laid down certain criteria for the diagnosis of alveolar-cell 
carcinoma, stating that the tumor reproduced the alveolar structure of the lung. There 
is no evidence that such has taken place in the tumor presented by Dr. Shipman and my¬ 
self. Our patient had symptoms for at least seven years prior to operation; it is now 
^ve years since operation, so our patient has had a history of about twelve years' dura¬ 
tion. She has never demonstrated any palpable lymph node involvement, and we still 
cannot find abnormal cells in the sputum. So perhaps there are variants of this so-called 
alveolar-cell carcinoma, or perhaps there are several distinct entities. 

DE. FEANK S. ASHBUBlsr, Washington, D. C.-—I too have enjoyed Captain Storey’s 
dissertation very much. We have had experience with three cases of this condition, and 
I want to show the slides on one of them. 

(Slide.) This is the gross specimen showing the changes similar to those described 
by Captain Storey, and it is very surprising in our experience to come upon such a thing. 

(Slide.) The percentage of mucus in these cells is larger than in the section shown 
by the previous speakers. However, you will notice here a very similar arrangement and 
configuration of the cells, the large tombstone cells containing large amounts of mucus. 

Our experience certainly corroborates Captain Storey’s findings relative to the frequency 
and accuracy of the diagnosis of the condition by cytologic examination of either sputum 
or bronchial secretions. I think it well to stress that in the hands of good men this is 
a very helpful diagnostic tool. I am not at all satisfied with the conclusions that local 
excision of such lesions constitutes adequate therapy. Of course, my experience is not 
large enough to draw a final conclusion as to what we can do with these lesions; since 
Captain Storey’s figures seem to me to be based largely on material of which the greater 
part was obtained at autopsy, I would like to ask the extent of radical excision that has 
to be done and ask the men with wide experience to answer that question for us if 
possible. 

DE. GABEIEL SELEY', Hew YTork.—agree witli Captain Storey’s conclusion that 
alveolar-cell tumors, pulmonary adenomatosis, and carcinoma of the lung are different variants 
of the same disease. About one year ago Dr. Touroff and I had a 45-year-old patient who 
presented herself because of a single nodule in the right upper lobe. There were no 
pulmonar}' symptoms. Chest roentgenograms taken two years before admission were 
negative. Nine months before admission during a routine examination a small nodule 
measuring about 3 by 2 cm, was noted in the anterior segment of the right upper lobe 
very similar to the one Captain Storey mentioned. Subsequent x-ray films showed a 
slight enlargement of this nodule and questionable cavitation. Sputum examinations 
were repeatedly negative for tubercle bacilli and tomograms failed to reveal any 
calcification. 

At operation the nodule was excised by wedge resection for biopsy purposes. -Y 
frozen section was immediately reported as showing a pulmonary adenoma and a right 
upper lobe lobectomy was promptly performed. No nodes were noted at the hilus. The 
patient made an uneventful recovery and follow-up x-rays are negative for other foci. 
Further study of the specimen corroborated the frozen section report, and the final 
diagnosis was pulmonary adenoma of alveolar-cell type without evidence of malignanc\. 

I am simply giving the pathologist’s statement. 

This case, then, represents a single, early, possibly benign focus of disease uhich, 
if left in, may go on to malignant changes and dissemination throughout both bu'g®- 
is further evidence against a multieentrie origin for these tumors, and I certainly ee 
that the minimal resection in these cases should be a lobectomy. 
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T N AT AX - under normal conditions, the pulmonarr resei’ve is several t^es that 
1 necessary to meet the requirements of the body -while at rest. Evidence of 
this is demonstrated by the ability of patients to tolerate removal,of one lung. 
Moreover, it is possible to -withstand the resection of more than one-half of both 
lungs -when this is performed in stages. In dogs, the reduction of Inng capacity 
to as little as one upper lobe (approxiDiately 15 per cent of the total lung 
volume) may be successfully accomplished by broncliial stenosis, -when produced 
in stages over a period of several months.^ 

In patients -with bilateral alteration of the lung due to inflammatory, de¬ 
generative, or other conditions, the pulmonary capacity may be considerably 
reduced. This is especially true in the so-caEed older age group. In non- 
malignant disease it is possible to limit pulmonary resection, thus preserving 
masimiun lung fimction. However, in the case of malignant lesions, it has 
been generally believed that removal of the entire lung along ^vith adjacent 
tumor-bearing tissue is the operation of choice -when it can be tolerated by the 
patient." Since the risk of pneumonectomy is increased in the older age group 
having poor pulmonary reserve, repeated attempts have been made to determine 
the “resection tolerance” of such patients prior to operation. Studies made by 
a number of investigators have increased our knowledge of factors concerned 
w-ith this problem. Eecently, special attention has been given to the problem 
of changes in puhnonary tension attending the resection of lung tissue both in 
animals and in man,'"® Cardiac catheterization, although practiced for some 
time, has been made much more practical in recent years and has contributed 
much to these investigations. Most of the publications dealing with this prob¬ 
lem have been concerned with patients in -whom puhnonary resection was made 
for various conditions. There has therefore been little opportunity to study 
the alterations in cardiopulmonarj" function attending lung resection where 
maximal “resection tolerance” has been reached. 

The present report deals chiefly -with experiments in which puhnonaiw 
resection was carried out to the limit of tolerance -svithout loss of the animal. 
The experiments were designed to determine the role played by the vascular 
element (perfusion) versus the pulmonary element (diffusion) of the lunu 
as a significant factor in the cause of death after pulmonary resection and also 
to inve stigate the various factors wliich influence pulmonatw tension. 
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make the diagnosis of pulmonary- malignancy in tliis group of patients. The isolated 
cells are usually of uniform size and shape, their nuclei are normal and the miclearc.vto- 
plasmic ratio is also commonly normal. 

I am pleased to hear Dr. Ashburn’s comments, I do not pretend to have had 
sufficient experience to provide a categorical answer to the question as to tlie e.xtent of 
excisional surgery whicli is indicated in the treatment of this disease. However, I have 
been able to find in the literature reports of 21S cases of bronchiolar carcinoma, in¬ 
cluding those which we are reporting, and have personally reviewed each of the original 
case reports. A statistical analysis of those cases will appear in the published manuscript. 
Of particular interest are the figures relative to metastases in these lesions. Among the re¬ 
ported cases, metastases occurred in roughl 3 ' 50 per cent of the cases; 54 per cent is the 
precise figure, I believe. Among those patients who have metastases, mediastinal in- 
voh’ement alone was present in only one-third; one-third showed both local and distant 
metastases, and the remaining one-third showed distant spread onl.v. These figures make it 
seem rather illogical to me to perform surgerj' of a radical nature unless the local con¬ 
ditions found at operation so dictate. Obviouslj', if one finds mediastinal nodes, proved 
to be malignant on frozen section examination, or even enlarged firm nodes which would 
arouse a suspicion of carcinoma bv' their gross appearance, more radical operation would 
be indicated. 

In spite of what is said in the published abstract of my paper, and even though I 
do have one patient whom I treated b.v segmental resection who is alive and without on 
dence of disease nineteen months following operation, I have come to agree with Dr. 
Selej’’s comment that a lobectomy should probabh' be the minimum operation in patients 
with this disease. I personally do not intend to treat anv- future patients who have t us 
tumor bj' segmental resection. In reviewing manv’ histologic sections from these lesions 
I have seen tumor cells in the pulmonarj' Ij'mphatics, both subpleural and peril asouar, 
too frequentl.v to make me feel comfortable in undertaking a really small localized opera 
tion for this neoplasm. 
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TN AIAN, under normal conditions, the pulmonary reserve is several times that 
i necessary to meet the requirements of the body ivhile at rest. Evidence of 
this is demonstrated by the ability of patients to tolerate removal .of one lung. 
Moreover, it is possible to ivithstand the resection of more than one-half of both 
lungs ivhen this is performed in stages. In dogs, the reduction of lung capacity 
to as little as one upper lobe (approximately 15 per cent of the total lung 
volume) may be successfully accomplished by bronchial stenosis, when produced 
in stages over a period of several months.* 

In patients with bilateral alteration of the lung due to inflammatory, de¬ 
generative, or other conditions, the pulmonary capacity may be considerably 
reduced. This is especially true in the so-called older age group. In non- 
malignant disease it is possible to limit pulmonary resection, thus preserving 
maximum lung function. However, in the case of malignant lesions, it has 
been generally believed that removal of the entire lung along with adjacent 
tumor-bearing tissue is the operation of choice when it can be tolerated by the 
patient.- Since the risk of pneumonectomy is increased in the older age group 
having poor pulmonary reserve, repeated attempts have been made to determine 
the “resection tolerance” of such patients prior to operation. Studies made by 
a number of investigators have increased our laiowledge of factors concerned 
with this problem. Eecently, special attention has been given to the problem 
of changes in pulmonary tension attending the resection of lung tissue both in 
animals and in man.^'" Cardiac catheterization, although practiced for some 
time, has been made much more practical in recent years and has contributed 
much to these investigations. Most of the publications dealing ivith this prob¬ 
lem have been concerned ivith patients in whom pulmonaiy resection was made 
for various conditions. There has therefore been little opportunity to study 
the alterations in cardiopulmonary function attending lung resection where 
maximal “resection tolerance” has been reached. 

The present report deals chiefly with experiments in which pulmonary 
resection was carried out to the limit of tolerance without loss of the animal. 
The experiments were designed to determine the role played by the vascular 
element (perfusion) versus the pulmonary element (diffusion) of the lung 
as a significant factor in the cause of death after pulmonarj' resection and also 
to inve stigate the various factors which influence pulmonary tension. 
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make the diagnosis of pulinouarj* malignancj- in this group of patients. The isolate! 
cells are usually of uniform size and shape, tlieir nuclei are normal and the nuclearoto 
plasmic ratio is also commonly normal. 

I am pleased to hear Dr, Ash burn’s comments. I do not pretend to have ha! 
sufficient experience to provide a categorical answer to the question as to the eateut ol 
o.xcisional surgery which is indicated in the treatment of this disease. However, 1 hare 
been able to find in the literature reports of 21S cases of bronchiolar carcinoma, in 
eluding those which we are reporting, and have personally reviewed each of the original 
case reports. A statistical anal 3 ’sis of those cases will appear in the published nianuscripl 
Of particular interest are the figures relative to metnstases in these lesions. Among the re 
ported cases, metastascs occurred in roughlj- 50 per cent of the cases; o! per cent is t ie 
precise figure, I believe. Among those patients who have niotastases, iiiedinstinnl in 
volvoinont alone was present in only one-third; oiio-tliird sliowed both local and 
niotastases, and the icniaining one-third showed distant spread only. These figuies mn'Oi 
seem rather illogical to me to perform surgerj- of a radical natiiie unless the locn cot 
ditions found at operation so dictate. Obviouslj', if one finds mediastinal nodes, 
to bo malignant on frozen section examination, or even enlarged film nodes v\hich 
arouse a suspicion of oai-cinoraa bj' tlieir gross appenrnnee, more radical operation noi 


bo indicated. , j 

In spite of what is said in the published .abstract of my paper, and even 
do have one patient whom I treated bv' segmental resection wlio is alive and wit loii 
donee of disease nineteen months following operation, I have come to agree v'l '. 
Sole,v’s comment that a lobectoraj* should probabl.v be the minimum opeiation 
with this disease. I porsonallj' do not intend to treat nii.v future patients w lo 
tumor b)’ segmental resection. In reviewing mnn.v liistologic sections from t icso ® 

I have seen tumor colls in the pulmonnrj’ l.vmphntios, both subplournl am 
too froquentlj* to make me fool comfortable in undertaking a renll.v small locn izc 


tioii for this neoplasm. 
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TN ma n, under normal conditions, the pulmonary reserve is several times that 
1 necessary to meet the requirements of the body while at rest. Evidence of 
this is demonstrated by the ability of patients to tolerate removal .of one lung. 
Moreover, it is possible to ivithstand the resection of more than one-half of both 
lungs when this is performed in stages. In dogs, the reduction of lung capacity 
to as little as one upper lobe (approximately 15 per cent of the total lung 
volume) may be successfully accomplished by bronchial stenosis, when produced 
in stages over a period of several months.'^ 

In patients with bilateral alteration of the lung due to inflammatory, de¬ 
generative, or other conditions, the pulmonary capacity may be considerably 
reduced. This is especially true in the so-called older age group. In non- 
malignant disease it is possible to limit pulmonary resection, thus preserving 
maximum lung function. However, in the case of malignant lesions, it has 
been generally believed that removal of the entire lung along with adjacent 
tumor-bearing tissue is the operation of choice when it can he tolerated by the 
patient.” Since the risk of pneumonectomy is increased in the older age group 
having poor pulmonary reserve, repeated attempts have been made to determine 
the “resection tolerance” of such patients prior to operation. Studies made by 
a number of investigators have increased our knowledge of factors concerned 
with this problem. Recently, special attention has been given to the problem 
of ehanges in pulmonary tension attending the resection of lung tissue both in 
animals and in man.^'° Cardiac catheterization, although practiced for some 
time, has been made much more practical in recent years and has contributed 
much to these investigations. Most of the publications dealing with this prob¬ 
lem have been concerned ivith patients in whom pulmonary resection was made 
for various conditions. There has therefore been little opportunity to study 
the alterations in cardiopulmonary function attending lung resection where 
maximal “resection tolerance” has been reached. 

The present report deals chiefly with experiments in which pulmonary 
resection was carried out to the limit of tolerance without loss of the animal. 
The experiments were designed to determine the role played by the vascular 
element (perfusion) versus the pulmonary element (diffusion) of the lung 
as a significant factor in the cause of death after pulmonary resection and also 
to inve stigate the various factors which influence pulmonary tension. 
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In eailiei commLinications'- ® it was slio^ra tliat a rise in pnlmonarv arterv 
ension could be expected in dogs after the removal of one lung. The'average 
e eia ion in tension in a group of tliirty dogs was from an original of 32/a to 
, 0 mm g following operation. This increase in pnlmonarv tension ivas 
^east several months. In a second group of thirteen doss 
nionai j lesection was extended in stages to include the entire lung 
1 le exception of one upper lobe, the pnlmonary tension increased from 
oil ina aieiage of 40/5 to an average of 64/8 mm. Hg following surgery, 
tims tlie pulmonary artery pressure was doubled (32/5 to 64/8). Some of 
lese animals died of spontaneous pneumothorax or of infection; however, most 
0 lem at autopsj demonstrated evidence of cardiac failure, a bloody, frothy 
ma eiia in the tracheobronchial tree and edema of the lungs being found, 
oui of the animals survived this extensive pulmonary resection. 

An attempt was made to increase the survival rate by the use of a jilastic 
sponge piosthesis in the iileural space following the initial operation whicli 
vas a total pneumonectomy. This procedure failed completely since the eleva¬ 
tion in pulmonary artery pressure was even greater in these animals following 
t le second operation. None of this group of ten dogs survived. 


EXPERIMENTiVL METHODS 

Ten healthy mongrel dogs weighing from 10 to 15 kilograms were used. 
A total right or left pneumonectomy had been made six to twelve months prior 
to the studies now being reported. Anestliesia for the final operation consisted 
of intravenous pentobarbital sodium 30 to 35 mg. per kilogram with intra¬ 
tracheal positive pressure oxygen, or ether-oxygen without the barbiturate. 
Prior to operation on the chest a No. 8P cardiac catheter was introduced under 
fluoroscopic control into a pulmonary artery via an external jugular vein. 
Heparin (0.5 mg. per cubic centimeter of saline) was used to maintain a 
patent catheter. In earlier experiments, pressures were measured with a 
Hamilton manometer or with a Sanborn electromanometer. In the present 
study, mean pressures only were measured by means of a saline manometer. 
Anesthetic agents and oxygen mixtures were administered through an intra¬ 
tracheal catheter under positive pressure or through a tracheotomy^ tube. 

Continuous recording of arterial blood oxygen saturation was made b.v 
means of an oximeter cuvette inserted between a carotid artery and an external 
jugular vein and connected to a recording oximeter designed by' one of us 
(J. P. P.) and eonstrueted in the phy'siology' laboratory'." Heparin, 5.0 mg. 
per kilogram, ini ravenously', and 5.0 mg. per kilogram, intramuscularly, was 
used to prev'eiit clotting when the cuvette was connected. 

The chest was opened through the fifth interspace and an occlusion unit 
was placed around the pulmonary' arteiy immediately' below the brandies to 
the left or right upper lobe. Thus, occlusion of the vessel at this point would 
reduce the total pulmonary' function to one upper lobe or approximately 15 
per cent of normal. In some animals a second occlusion unit was placed around 
the bronchus at the same level. The occlusion units consisted of a loop of heai'y 
braided silk passed around the artery' or bronchus, then introduced into a 
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polvethrlene tube, and both brought ont tbrongb a small pvmcUire Mound ui 
the chest wall These tubes were filled with petroleum icily and also elampe 
to aroid a pneumothorax. A small rubber catheter for maintaining expansion 
of the lung was also brought out through a puncture wound. 

In order to demonstrate more sti-iMng changes in pulmonary tension or 
arterial oxvaen saturation when the pulmonary capacity was suddenly i-educed 
to a maxhmim tolerance level, an apparatus for exercising the animal was con- 
stnicted and connected to all four extremities. Exercise consisted of niter- 
mitteiit (60 per rainutel electrically stimulated contractions of the shoulder 
gu'dle and the thigh muscles. A moderate to mgorous degree of exercise was 
used. 

Employinsr this described arrangement, changes in pulmonai’i artein ten¬ 
sion and arterial blood oxygen saturation were determined under the following 
conditions: 


A. Dog at rest breathing air. 

B. Dog at rest breathing air with lung capacity reduced to 15 jier cent. 

C. Dog at rest breathing oxygen (100 per cent). 

D. Dog at rest breathing oxygen (100 per cent) v.ith lung capacity reduced 
to 15 per cent, 

E. Dog exercising while breathing air. 

F. Dog exercising while breathing air with lung capacitv- reduced to 15 per 
cent. 

G. Dog exercising while breathing oxygen (100 per cent). 

if. Dog exercising while breathing oxygen (100 per cent) witli lung ca¬ 
pacity reduced to 15 per cent. 

RESULTS 


A. With tJie Animal at Best ajiel Breathing Air .—^Both pnlmouary artery 
pressure and Wood oxygen saturation varied considei-ably with the depth of 
anesthesia and with the degree of activity of the animal. Oxygen saturation 
varied from 66 to 90 per cent. The usual saturation was S9.5 per cent. Pul¬ 
monary artery pressure varied fi-om 20.5 to 43.0 cm. saline. 


0. With the Animal at Rest and Breathing 100 Per Cent Oxygen .—The 
pulmonary artery tension was the same as in A while breathing air. However, 
the Wood oxygen saturation was elevated to as high as 100 per cent in some 
animals. The usual level for the group was 9T.8 per cent. 

B and D. With the Animal at Best Breathing Air or Oxygen and With 
Lung Capacity Redvcccl to 15 Per Cent of iSormal .—The effect on pulmonary 
artery tension was similar during both conditions. Under deep narcosis (ndth 
pentobarbital sodium) tbe increase in tension was as low as 4.5 cm. saliae. 
The highest elevation was 35.5 cm. saline or IIS.O per cent of the orisiual 
value. The usual elevation for the group was 31.2 cm. or 90.7 per cent 

Blood oxygen saturation was reduced very little when compared mth the 
marked change in pnlmonarj- tension. ^Vhile breathing air the satnretion fell 
trom o to 6 per cent, or an average of 4.5 per cent when Inns capacitv was 
lowered to one lobe. Wliile breathing oxygen no reduction in ■saturation was 
observed m some ammals. The average fall for the greup was 3.S per cent. 
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E and F. Influence of Exercise Before and After Ecducing Lung CapacUu 
to 15 Per Cent While Breathing Air. —The effect of work on pulmonary artery 
tension in most animals was dramatic wlietlier breathing air or 100 per cent 
oxygen. There was a rapid increase in tension averaging 14.7 cm. saline or GO 
per cent, with one-half of the lung functioning, and 20 cm. saline or 80 per cent 
ineiease in tension after reduction to only one lobe. Thus when the effect of 
exercise was added to the effect of reduction of capacity from one lung clown 
to one lobe, the pulmonarj’’ tension rvas elevated over 200 per cent in some 
animals. 

Blood oxygen saturation remained unchanged in two dogs, while in the re¬ 
mainder there was as much as an IS per cent fall, with an average of 8 per eent 
decrease, before reduction of lung capacity. The oxj’^gen saturation fell as much 
as 19 to 50 per cent, with an average of 29.6 per cent, when only one lobe was 
functioning. 

When breathing 100 per cent ox 5 'gen, blood saturation rvas little affeetccl 
b 3 ’ exercise, irrespective of whether lung capacity ivas 50 or 15 per cent of 
normal. Pulmonary arterj" pressures, however, were altered by exercise in 
amounts similar to those occurring when the animals were breathing air. 

DISCUSSION 

Pigs. 1 and 2 (Dog 36) show sj'stolic and diastolic right ventricular pres¬ 
sure curves during a right pneunioneetomj'- and subsequently during a left lower 
lobeetoraj'. The s.vstolie pressure during right pneumonectom.v became elevated 
by approximately 30 per cent. This elevation persisted during the several 
months intervening beteveen the two stages. At the end of the second stage the 
s.vstolie pressure was elevated approximatelj’’ 75 per cent over that at the be¬ 
ginning of this procedure. However, this (80 nun. Hg) was more than 150 
per cent above the level at the beginning of the first operation (30 mm. Hg). 
The curves shown on this dog were quite characteristic of the group reported 
in a former communication." 

As noted previousl}’, while at rest and breathing air the pulmonaiy tension 
in most animals became elevated bj^ as much as 90 per cent wdien lung capacity 
w'as reduced. In some animals it was increased over 100 per cent. At the same 
time tlie saturation in arterial blood oxj'gen was decreased bj’’ a relatively small 
amount, an average of 4.5 per cent. When 100 per cent oxj'gen was added to 
the inhaled mixture this decrease in saturation was minimal, or the level re¬ 
mained the same as that prior to reduction of lung capacity to 15 per cent. Fig. 
3 (Dog 737) illustrates these points. Oxj'gen saturation was decreased approxi¬ 
matelj' 5 per cent (88 to 83) when the lung capacitj' was reduced to one lobe. 
The right ventricular pressure, however, rose from 53 to 82 cm. of saline, repre¬ 
senting an elevation of over 50 per eent. 

Fig. 4 (Dog 737) illustrates the effect of oxj'gen and of exercise. While 
breathing 100 per cent oxj'gen there was no change in the level of blood oxj’gen 
saturation when the lung capacitj- was i-educcd. Likewise, when exercise was 
begun the saturation continued at a level of 100 per cent. On changing fiom 
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■oi-. 1 _ ryn^ 'iK Shows systolic amj diastolic right ventricular pressures dwing a 

Tight pfeura^lctW; ^ote that® the systolic pressure was elevated by approsimately 30 
per cent loUowlng tlie operation. 
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100 per cent oxygen to air the saturation immediately fell draniaticaily to a 
le^ el of 63 2 ier cent and continued on downward in tliree minutes to 45 per cent. 
Release of the occlusion units restoring the lung capacity to 50 per cent produced 
a rise in oxygen saturation from 45 to 63 per cent. The right ventricular pres¬ 
sure in this animal had risen from an original level of 35 cm. saline to 9G cm. 
of saline after reduction of liuig capacity combined with exercise. This repre¬ 
sented an elevation of two and three-fourths times the original level, or 275 
per cent. 


BLOOD Og SATURATION AND RT. VENT. PRESSURE 
IN REDUCED PULMONARY CAPACITY 



D0G*737- 3/25/52 

PIb:. 3.—Dos: 737. Sliow.s a nmrkecl elevation in rifrlit ventricular pressure "UU leUuc; 
ti'on in lung: capacity and exercise of the animal, Oxytren satuiation was rodiicea hy onl.v o 
per cent when lung' capacity ^\as ieduced to one upper lobe. The eftect of exercise on oxypen 
satin ation is demonstrated. 

Fig. 5 (Dog 469) illustrates a fairly charaetci-istie vur\’o of blood oxygen 
saturation and pulmonary artery pressure during the various conditions .studied 
in the experiment. There was a marked increase in inilmouai'y artery prc.ssures 
on reduction of lung function in most instances with relatively little reduction 
in blood oxygen saturation until exercise was begun. Tbcreafter a greater 
amount of oxygon was required by the animal. 

Pig. 6 (Dog 28) illustrates tlic effect of reduced lung cajiacity while re¬ 
ceiving 100 per cent oxygen before and during o.xcrcise, and later while breath¬ 
ing air. There was no change in blood oxygen saturation as a result of cither 
reduction of Inng capacity or exercise while breathing oxygen. Pulmouai\ 
artery tension, however, increased from 4S.5 to 6S..5, an increase of almost 41 
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HYPEKTEXSIOX AS CAU:>E OE 1>EATU 


.U)A*Ui> -vx^. . ' - ^ 

^ «-.i T ^^(^v ccut I'Y roclnctioii in 

p„ ceut. The WooJ osyt-cn ““,“rthe Joy- «»o h.oalhins oil'- 

lung capoeily 0'“';,, ,, jf(,a of csctefsc, mlialatioii ol oa.'Se". 
Fig. ^ (Pog 469) lllao'yaloo “ „„„„ o„,..ration and r.sM 

and reduetion of to-S eapacniy ,mle effect on blood oxygen 

ventricular pressures. Exciubc 1 ^ j^mg capacity bad bear 

saturation while the amnia u.s * there \\as an immediate fall m 

::re":re^igbtx-^ 

•20 to 50 cm. of water, an iuorease ot loO pet 

blood 02 SATURATION AND RT. VENT. PRESSURE 
.M oPnilCEO PULMONART CAPACITY 



OCCLUDED 

dog BREATHING 100» 


006*737 - 3/^52 

reauct.ol of lecanTe etetated 50 per cSnL On breathms air H'ere was a pre¬ 
pressure on tlie oUiei'^n^ retiirn to the pretious ^e^el nhen the 

rapSdy ’returned t.o'm 15 to 50 per cent of no.niah 


Ttie results of the.se experiments in conjunction with those reported in 
urctious communications lend strong support to the belief that elevated pul- 
motvarv tension may he a significant factor in the cause of death follotniig lung 
resection in patients with marltedly reduced pulmonary reserve. The amount of 
rt^duetion in huig capacity nece.ssaiy to produce in dogs a serious level of 
pulmonary hypertension was found to he SO to S.j per cent. In most animals 
this has been accompanied by an increase of 75 to 100 per cent in pulmonary 
avterv pressure. Despite this fact, the aeeompaii\-iiig decrease in blood o.vj geii 
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saturation has been relatively small, an average of only 4.5 per cent. These 
results support the view that the lung in a reduced reserve state, hut without the 
presence of a physiologic arteriovenous shunt, may be able to adequately oxy¬ 
genate the blood, hut that the accomiianying jiulmonary hypertension may reach 
a critical level. In patients with some degree of pulmonary hypertension due 
to bilateral disease, a much greater pulmonary tension may follow the resection 
of one lung. Furthermore, such factors as anoxia and emotional strain may in 
tliemselves contribute to elevation in pulmonary tensioir as shown by Jlotley 
and his associates,'" Duke and Killick,'- and Cargill and Plickam." 



Fig. 5.—Vog 4G9. Illustrates a fairly characteristic curve of hlood 
and pulmonary artery pressure during the various conditions studied m the ‘15 per 

a marked increase in pulmonary artery pressure on reduction of lungr capacity i 
cent (/ upper lung^ lobe) with relatively little fall in oxygen saturation. 


In animal experiments deep narcosis with pentobarbital sodium niarke } 
low'ered both blood oxygen saturation and pulmonary tension, whereas lig it 
ether anesthesia and mnseiilar activity of the animal during induction produce 
an elevation in inilmonaiy tension. 

Since anoxia may play a major role in the elevation of piilmonarj tension, 
it may be an additional factor of importance both during anesthetic in uc lou 
accompanied by respiratory depression or spasm as w ell as during t ic coiiise 
of operation if oxygenation is not constantly maintained at an acetpia c c\c . 




AllTeiltAL Oi iUTORATlOH 


ADAMS Er AL.; PEUAIOXASA HYPEKTEXSIOX -\S CAUSE OF DEATH ilo 

It is also well known that either collapse of the lung or overdistension of 
the Irani impedes the how of blood thtxragh the lesser circulation, thus tending 
toward increase in pnlmonary teitsion. In patients with low pulinonait leseive 
it is imperative that oprimiun indation of the lung be inamtained while the chest 
is open. Following operation, retention of broncliial secretions, accoiupamed by 
atelectasis and pneumonitis, or by a physiologic shratt. increases the hazards 
from, anoxia and ptilmonary hyjjertcnsion. 

BLOOD ©2 SATURATION AND PUL. ART. PRESSURE 
IN REOUCEO PULMONARY CAPACITY 



^ ttoEr IS. Xoi^ till? lack of chance ia hlooti oxj'^cn saturaiion as a result of 
gt exercise -nrhile breathinsr ox,irsen. The puhiiona^ 
dropDe,!^-!'’* snlme. On breathins air the saranttioh 

dropped nia.nedlj and aid noi rev'o\er on increase of iung^ capacity and cessation of esercisS 


Itesectiou of a lung containing anatomic or physiologic avtcriovenons fistulas 
(sh^Tsl may also cause an elevation of pultnonary tension as illustrated by a 
patient in Fig. t?. The tensiou was increased with closure of each arteiiovenons 
shunt. In spite oi the fact that this patient previously had a pneumoneetomv 
on the opposite side for the same lesion, his original pressure in the ri»ht 
ventricle atter mduction of anesthesia was eomplete. was onlr 25/10 mm "of 
mercury. At tlie eouclusion of the operation the pressures wm-e 45 0 mm of 

mereiu-y. Thus, ^h the closure of three arteriovenous fistulas the svstolic 
pressure was elevateil ^0 per eeiit. ’ 

Our findings tTable I) and those of others- would indicate that severe 
pulmonary luyierteusion oceiire infrequentlv. However mos* Pa , 
l«m.« l.„o W„ „a.k ,1,0 p.,ri„. a,...« „„d 1.,,.; farf.aW 
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()l locloi.s diifiiif^ lilt' t'ttrlv jioxIojierjiiiM' conisf wliicb mat iiilltieiict' coiisiiler- 
<ibl\ I 111' k'\('| ()1 |)tiliiioiiai'y teiisioii. Wlioii iniliiuiiiiiry liy|ii‘rl('ii.sii)ii (i(it‘.s 
iloAoloi) i( may very well he llie most .simiifii'jini, lador in llie oiileoiiie ol' .some 


liatieiils I’ollowiiii; {julmoiiai'y re.seelion. ireiistireiiienl oi' jniliiiomii'y lension al 
opeiatioii may jiroviile iiilorimition lor {*uulaiiec ol' the managemeiil hotli diiriiiu' 


and following surgery. 
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SC-MAtAKA' .VXD COXCEl'SIOXS 

1. PDiKouary hypevteu-siou of serious import may l>e pvoaueed in dogs by 

reseetiou of SO ro S-3 per eenr of the lung. ^ 

•i Ti e aceouipanA-ine fall in blood oxygen sannatiou n, small (.a-cia^e ..o 
per eem^ in vieA.' of tbe severity of the pulmouiu-y byperteivsion. 



s,—H. Xu. OjI'JSS. CIcsurt? of A-V C£:iaai^ of ihe long. Corr^Jation or right 
wntncular prc-j^suTvs ’AitJs arterja) bico^l oxygen ^v\tumtion anti systemic arterial pressures 
m ?. vluris^g t^e cici-ore of Eneee arteriox^nous fisuilas of the right lung. The left 

lung ha,«i previoi::*!?* been re*no*<ni for the came type of lesion. 

3. lYlien a deiaand for laoie oxygen was produced tij'ouglv exercise, a more 
severe grade of pulmouary In-peneuslon as well as a mucb g: eater reduction in 
blood oxj-geu saturation developed. 

d. lulialatioit ot 100 per cent oxygen restoied to a normal level the lowered 
blood oxygen iatunit'on produced by exercisre and i educed lung capacity but 
did uot alter the severity of the degree of pulmouary hypertension. 

5. DeiemduaCivii of ptdmonary tension at operariou may aid in both opera¬ 
tive and postoperative management. 

Ate wisli to thank ilr. tViUard Webber for tceimital asi-i^tanee. 
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r>. ^2- 591, 192G. 

(I R'l IJiiniiM- l>iili,ionary Re.spcti'oii’ T 't Pulmonary ]IeiM«]v 

"• R. L., irirniMoKstein A Moftv u ^^nr.. 20: 9G6, 1950. 

Ot Pulnionuiy CirouJatioi. at Rek^ Couraand, A.: StuJk-, 

m Patients WitJ. Cli.onic Pulmo^v...; v Exercise in Normal Individuals and 

Carlson, Palpi, p., charhon Per aip r P. "‘f’ '^'v; ^^2= 372, 1948. 

llie Elleet of Deereas’iuo- the Amount 

s. oh„nVrBS;v\;'"'S 

Prevention of Overdistentioifof\hi'‘*R determine the Effect of 

Ventricular Pressures Pollovvino- tii» Lung Tissue on the Elevated Eight 

^ SuRG. 23: 341, 1952. ° ^ Resection of Lung Tissue in Dogs, J. Thor-Icic 

of Alillihaii and \vood'*Tvi3e*Ov;"' Livingstone, Huberta: The Conversion 

for Use in Surn-erv in Stndin- Direct-Writing Recording Instruments 

Physiology, J Lab* & rii,i At **/ PuLnonary Function, and in Teaching Eespiratorv 
10. llotley, H. L Courn and A v ^0^157-478, 1902. ^ 

Short Periods of Induce 1 Dresdale D.: Influence of 

, Am. J. Physiol 150: 315, 1947 Artery Pressure in .Man, 

nary Arterial'^P^essti'rn “f E.xercise on Cardiac Output and Pulmo- 

aud^Pul. 0 rf E Xs nif Cardiovmscniar Disease 

12. Duke, Helen N .,L r"?]-^ i’, l>'''estigntion 27: 10, 1948. 

Perfused Cat I uiios ^L: Pulmonary Vasomotor Responses of Isolated 

ru.eci i.at J.uiigs to Anoxia, J. Physiol. 117: 303, 1952. 

DISCUS.SION 

Of puliiioiiarv ^11-'1^IELS1EIN, PTciv V^ork.—AVe have been interested in the problems 
spoiJkiuo- of millaboratory for some time. I think that in 
varies with fin "‘°"X lypertension wo should remember two things—that is, that pressure 
believe to defii". si" resi.stance. In Dr. Adams’ experiments ho is trying, I 

produce hyportcnsiou at roir"" that one can leave after rcscerion and 

flow is *" patients who had a jmeumouectoiiiy. At rest, when the 

it was remil'irt'^ i io’portciisioii was foiiiul. AVhen these patients are exorcised 

a nomiarm'l ^ ‘tl‘at hyportciisio.i doveloiiod as flow increased. The ability of 
:Ua.rt V r??' - «®'v "itl’out a rise in pressure 

However wli-n " ^ ' tlireofold increase in How, wliicli in tlie normal is never reached, 

the rem'ihiin.v ^ P”ovinioiiectoniy a!l the flow is inirnediately doubled through 

and causes hyportei'mion.^ artery, and mild exerci.se raises the flow above a threefold increase 

tissue th'nt'is'cnn'^” ^”i'i*^***^*' whether bilateral resections of tlie amount of pulmonary 

tended luiuV P“®a>»ouecto.iiy, in which the pulmonary vascular bed in dis- 

St c ’ X. .7'’';”*; 'if' pneumonoctoniy. In Captain 

fot tioi. a r 1 I P-iliar with the purLit of this in- 

■uone^Sef 

control fi.r, (Closing). If is, of course, realized that in animals we are able to 

dealino- Av*fi”** ° hotter than is possible in a Jiunian being, and in problems 

in”- ■I'rnie ' i". '"""’‘'■i®’®*' ‘lugORcrative disease we have a eoinbinatioii of factors play- 
uiitil'elnviHn" l‘as pointed out, we have cut down the lesser circulation 

Ino-ia cl, f " *" 1’’^®“’''’®'® resulted. However, it scorns to me that unless we have a physio- 
n r ““ opoiu mg, and wo frorjiieiitly do in liuimiii beings, the effect of reduced piihno- 
n..o capacity ou blood oxygon .saturation is not going to be as detrimental as is the effect on 
pu moiiarj ar cr^v j)rcssure. .Vs was indicated this morning, we are constantly faced witii 
pro eras ta iiig viitli markedly lowered pulmonary reserve. If we can got information 
lat Ml give us the true status of both tlie va.sciilar and tlie pulmonary factors, we can 
tliGii do a niucli better job for our patients. 



PEEVEXTIOX OF CHEST ^ALL DEFECTS; ESE OF 
TAXTALOI AXD STEEL MESH 

Doxald B. Effler, M.D. 

Ci-E\'EL.\xD, Ohio 


S FEGICAL removal of a malignant eht-st wall timior is best accomplisbed 
by radical block excision allowing a tvide margin of uorntal tissue on all 
sides of tbe resected specimen. Failtu-e to pro\-ide an adequate tissue mat gin 
win enhance the itrospect of local recurrence and decrease the po:«>ibilit> of 


cure. 

Tlie principle of block excision has been applied to the chest wall lot- 
years sueeessfnl removal of large segments of the bony thorax and related 
soft parts is no longer a momentous undertaking when adequate supportive 
mea-sures are available. 

Defects of the chest wall following .surgery or trauma may pose a seriotis 
problem. To cure the patient of malignant disease, it has been iic-cessarj' to dis¬ 
regard the resultant chest wall deformity: nevertheless, the creation of an 
extensive defect ha.s been a deterrent and too often has resulted in a compromise 


operation. 

Frequently, the surgeon has observed that the patient tolerated the 
detutitive operation much better than the resultant postoperative defect. 

In addition to an unsightly deformity, there may be serious disturbances 
of respiratory physiology. An unsupported chest wall is associated with 
parodoxical respiration which may incapacitate the patient who has low xnil- 
mouary reserve. Iminoper ventilation of the anected pulmonary tissue is 
manifested by an increase in the pulse and the respiratory rate, particularly 
in the older patient. This has been attributed to a localized accumulation of 
alveolar carbon dioxide in that portion of the lung hampered by parodoxical 
respiration. The cough reflex is also impaired, further compromising the 
respiratory system. 

Surgical treatment of chest wall defects has been described in the litera¬ 
ture tor many years, ilethods of correction have been proposed by ilaier,- 
ilaurer and Blades.- TTatsou and James.^ and others. Zilost of these methods 
are applicable as secondary procedures and involve the use of i-ib struts, 
fascial grafts, and dermal transplants. Invariably the authors emphasize 
the utilization of the patient's orvn tissues in bridging the defect. Each method 
has individual merits and disadvantages, and none is adaptable to all situa¬ 
tions. In most cases the procedures are applicable as correerive operations 
after the defects have been csiablishecL In addition, the technical aspects 
are by no means simiile. and in some instances considerable caution must be 
used lest a bad shuatiou be ageravated. 




Thoracli 
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Attemiots to bridge defects with foreign sirbstaiiees have been reported 
by many authors, though gener.dlj’' these adjuncts have been unsuccessful 
when applied to the chest wall. Plates of silver, steel, jilasties, and Vitallium 
have been utilized in defects of skull and long bones, but they have proved 
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ineffective when u.secl in Uie chest. In nil in-ol>nlhlity the constant motion 
associated with the mechanics of i-espimtion, has been the c nd lactor lespon- 
siihe for the failnres when fixed plates ai’C msed. It seems ludikely that a plate, 
reoai'dlcs.s of the snbstance nsed and its lack of tissue reaction, could become an 
integral part of the supporting tissues of the chest wall. By its very nature, a 
smooth plate resists intimacy with surrounding muscle and fibrous tissue; when 
these structures are subject to constant eluuiges in stress and strain, the possi¬ 
bility of union becomes more remote. 






B. 


Fig. 2,—A, Boentgenograni demonstrating a iaige, metastatic, thyroid carcinoma involv¬ 
ing the manubiium. A radical thyroidectomy had been performed approximately two years 
prior to the appearance of this metastasis. B, Radiographic appearance of the chest following 
resection of upper one-half of tlie sternum and reconstruction with steel mesh. The inner 
thirds of both clavicles have been removed. 


Blades’' ’ has repeatedly einphasiml Ihc hazards in using metal plates to 
rexiair traumatic chest wall defects. Clrisivold'' and Campbell' each report a 
ease whore tantalum plates were employed following resections of the maniibrinm 
and body of the sternum; in Griswold’s ease the plate was subsequent^ re¬ 
moved because of secondary hemorrhages. Camphell expresses the belief that 
a tantalum plate used for permanent prosthesis ivoiiid have better chance for 
.success as substitution for the upper half of the sternimi than for the lower 
half. Beardsley'’ used tantalum plates iu three ca.sc.s whore large operative 
defects of the chest wall wore created; in each case it was necessary to remove 
the prosthesis at a later time because of suppuration, presumably due to 
foreign body reactions. Paulson” abandoned the use of tantalum plates ou 
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Attempts to bridge defects ^\itb foreign substances have been reported 
by man 3 ’' authors, though generally' these adjuncts have been unsuccessful 
when applied to the chest wall. Plates of silver, steel, plastics, and Yitalliuiii 
have been utilized in defects of skull and long bones, but the.v have proved 
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efflkR: prevention of chest wall defects 

the chest wall; five patients in this gvoup reciuh-ed IZ 

defects produced by trauma or inflammatory disease. In addition to the 
twenty-one patients mentioned, mesh has been used on five occasions in the 
treatment of large diaphragmatic hernias and in one 

correction of eventration of the diaphragm. Our eNpeiience_ with these 
patients during the past four and one-half years and our observations aie sul - 

seqiiently reported. 



lo. 



' S' i 


Pig-. 4.-—This drawing demonstrates the principle of block excision for a malignant 
neoplasm of the anterior chest a. The illustration is taken from a case of recurrent 

^rcmoma of the breast appearing four years after radical mastectomy, h, The hea^'y lines 
demonstrate the triangular block excised from the anterior cheat wail, c. The excision in¬ 
cludes sternum, nbs, and supporting soft parts. Underlying pleura and mediastinal fascia 
were mcluuea. The pericardium is intact. 

TECHXfQUE 

Eadical e.vcisioii of the chest wall lesion is ean-ied out under endotracheal 
anesth^ia. Supporting stnictures of the thorax and upper abdomen are sacri¬ 
ficed without regard for the subsequent closure in order to proride an adequate 
tissue mai'gm ai’ound the neoplasm. Confidence in mesh prostheses has re¬ 
lieved the fear of creating an intolerable defect and thereby improved the 
caliber of this type of cancer surgery. 
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chest wall cloJ'ccls, altcibu(iu'>; rniliu-c to the constant luulion of the thorax. 
\\ c are able to find onlj' one re])ort whore .satisfaclory results were obtained 
and the plate retained its original position.^ 

Ill 1948, Koontx*^ reported liis clinical and exiierinieiital results in the 
use of tantalniu mesh to repair ventral hernias. In contrast to a plate, the 
mesh jiresents a flimsy screen which is easily cut to desired shape and size. 
Upon first consideration it does not appear durable nor capable of oit'ering' 
support against mechanical stress, and yet it must be remembered that the 
principle of the mesh is entirely different from that of the iilate. The mesh 
offers a lattice of nonreactive material which is incorporated rapidly by fibro¬ 
blasts. The resultant proliferation produces an interwoven, fibrous mass with 
the lattice acting- as the skeleton structure; this differs fundamentallj- from 
the encapsulation produced around a flat sheet or cap of metal. As 
Koontz'“' “ has shoivn so conclusively in his experiments, the mesh becomes 
an integral part of the abdominal wall rathci- than a tolerated foreign body. 



. 1 . 


77. 


FIr’. 3.—*1. A lui’Ro rcoiirivnt cltondro^iircoiiia ol* tlio chest wall ami upper abdominal 
wall. The incision of the previous operation is clearly visible, ^\'llereas the tumor mass was 
of considerable si^e, there was no eviilenoe of distant metastases or extension of the neoplasm 
tlirouRh the pleura or peritoneum. The larKO mass was resected by block excision of the chest 
wall, diaphragm, and upper abdominal wall; the resccteil jiortion of the thoracic cage 
tained portions of seven ribs. 7?, Appearance of the patient approximately nine month.s after 
surcerv. Stainless steel employed to reconstruct the chest wall, diaphragm, and upper abdomi¬ 
nal wall has given a very sati.'^factory surgical result. The right hrea.st has been used ns a 
skin flan in an effort to close the original defect; the scar to the right of the mldlinc is 
of the rclexising incision and skin graft employed at the time of closure. 


that 


Ido.sli pi-o.sthc.sc.s have been cinployc<l in twcnly-oiic paliciil.s wJio were 
operated upon for Ic.sioiis of the thoracic cage at the Cleveland Clime. The 
majority of these patients were treated for primary or metastatic neoplasm ol 




, 1 . B, 

Fig. 5.—Rotjntgenogfam <lemon5tratjng tantalum mesh employed in the reconstruction 
of the anterior chest wall. This film made about six weeks after operation. By Fourteen 
months after operation there has been appreciable breakdown of the tantalum mesh. It is 
my opinion that this is due to fatigability of tantalum mesh and accounts for its inabiiitj' to 
tolerate continuous shearing stres*. 



Kjg. .1. Rc 
graphic appearance 
."tamjess steel mesh. 
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Following- the block excision and necessaiy hemostasis, the defect is 
measuied foi the mesh prosthesis. The technical aspects of jilacing mesh are 
simple. The defect is overlapped l)y a single or double thickness of mesh 
which is cut to approximate size; and the edges are turned in to prevent fraj^- 
ing and to provide a more secure border for holding the suture material. 
Direct contact between mesh and underlying lung, diaphragm, or abdominal 
viscera may occur without apparent untoward reaction. The prosthesis is 
simply “tacked in place” with interrupted sutures until it is firmly secured. 



W Cant'd 

e. Artist’s conception of the mesh as it is employed to reconstruct the chest wall and 
prevent future parodoxical respiration. A double thickness of steel mesh is “tacked” over the 
bony thorax with interrupted fine silk sutures, /, Diagram of the completed operation show¬ 
ing closure of the skin flaps over the steel mesh. A Foley bag catheter is brought out through 
a stab wound in the sixth interspace for drainage of the right pleural space. 


In our early ca.ses, we emjiloyed onlj' tantalum sutures for this procedure, 
fearing an unfavorable tissue reaction if a multiplicitj^ of agents were em- 
ploj'ed. Exjierience lias shown that this fear is unwarranted, and in the past 
two and one-half j-ears we have employed fine silk to secure the mesh 
prosthesis. When the jirosthesis is secured, it is covered by skin and sub¬ 
cutaneous tissue. It may be uecessaiy to create large flaps of skin by under¬ 
mining, and to employ releasing incisions in order to obtain satisfactory 
closure. In every instance it has been possible to effect primary closure of the 
wound edges, although grafts to the area of the releasing incision have been 
necessary. A firm dressing, applied with elastic liandage, need not lie exce.s- 
sively bulky nor unduly padded to protect tlie wound. 

In two patients the skin edges suffered necrosis Ijecause of cxee.ssive 
tension necessary for closure. The local necrosis produced separation of the 
wound down to the mesh. Ordinarily such a complication would jeopardize 
the retention of any foreign bodj^ prosthesis, particularly if a plate had been 
employed; however, in both instances the necrotic areas healed by granulation 
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ho%Y large defects cau he repaired elheienth. 1 might add lliat I liare had the same 
expeneiice with the dni'ereiice in tantalum mesh and stainless steel, and I adti'e the use 
of the latter, as did Dr. Efiler. The fragnieutation he speaks of does not occur in the 
center ol the ^pecimeu (having removed one) but it is a re.ar finer start- at the edge and 
goes right into the specimen; it does not break in the center or in an irregular lasluou. 

I arise niaial.v to mention a technique in the use of the mesh that Dr. Ether men¬ 
tioned. He wants it to become a part of. to become incorporated into the bodi. and there 
is a method of using the mesh that tvtll hasten tins, particiilarU when there are some 
adjacent ribs lett to wlueli it can be festeued. In mv hurrv to leave Texas (not that I was 
in a hurrv to leave, but m mv hurried leavrng) I left heluud the lantern sbdes that liad been 
prepared, so I c.ill attention to the drawing on the blackboard. This is .t cross seetiom of 
two ribs; the interiening ribs have been removevl and all the chest wall, a- in one of the 
cases presented here. The periosteum was then removed from the side near the top edge 
of each rib, ,md peeled off the top surface and off the under surface. sO that there was 
a dap of periosteum extending out trom these ribs. The mesh v\ as then inserted under the 
ribs, the ribs abov e and below the defect drilled, and w ire suture- u-ed to attach the mesh 
to the rih-. Then sutures were Used to .-ittaeh the peno-ieum a- a flap to the wire mesh, 
so that nlieii houe regeneration occurred it will incorporate it-elf directlv into the wire 
mesh. 

This method is also of value in repair ot pulniouari hernias, nhere the periosteal 
flaps fail to bridge the space as in the second interspace auterio U. 

I iiiu-t say .igain that I enjoyed Dr. Efller'- paper verv much 


DR ALEX-kXPER E IV. .4DA, Xew York.-—I would first like to thank Dr Eflier 
tor a most excellent presentation, 1 have had p.irallel re-iilts in a smaller sencs of cases 
and have found this method most satisfactory. In no instance have I observed migration, 
iragmentatiou. or extrusion of the me-h or wound infection A subcutaneous collection 
of serum has developed at the site of operation. This should be aspirated repeatedly hr 
needle puncture through normal tissue a short distance from the wound. 

Di I'llS I fir-t eiuploved t.int.iluin mc-li to recoii-truct the che-t wall alter surgical 
extirpation of a tumor Thi- ease and a sub-equeijt one were the basis of a report pub 
lisUed in The JontNAi of Thoracic Sckgebt f21: 125, 1931). I vvould like to relate 
bneriv the end re-nlr in the lir-t ca-e: 


(Slide.) Till- IS ail anteroposterior x ray film of the chest showing the tumor present¬ 
ing Itself in the right thorax and (slide) tins is a photograph of the surgical specimen. 

(Slide! This i- a postoperative x rav- film -howiug recon-triiction of the defect in 
the che-t wall and (-Iide) another view of the recon-truction. 


The tmuor wa- a pla-ma cell myeloma which w.i- the oiiU one vi-ible on -keleial 
\ ray tiJnis before operation. The patient succumbed three y ears later to multiple 
luyeloniaia in the hlemonal Ho-pital. Dr. Higginbotham retrieved the tantalum mesh at 
autopsy The me-h iv.a- found to be completely embedded in a thick layer of scar tissue 
creating a -obd che-t w ill. The pleural -urfaie wa- smooth and pearl white in color. 

(Slule ) Till- 1 ^ all x r.iy him or a portion of the mesh -howing it to be intact with 
the exception of a portion at the right, vvIucU w.i- damaged m it- removal, 

tr-bile ) I am indebted to a mo-t mdu-triou- re-ideut for this slide. It is a 
photomicrograph ot a -ection taken through the tantalum mc-h aud scar tissue Three 
wires are vi-,ble embedded in a homogeneou- fibrou- ti-ue with minimal round cell re 
action which i- repre-eiued bv .i tew giant cell-. 


DR. HIRIEY J yiEXDEhSOHX. Clevelami—I 
this exveilent -ene- ot ta-e-. and I wish to mention m\ 
tile ta-es iniohing two patient-. 


wi-h to lomplimeiit Dr. Eflier on 
limited experience iii three opera 


One. which 1 will meutioii bricflv. wa- nierdi th^ 
lobectomy a patient who had had a -hell fragment /ounrThi!\vV f iSfeTe; 
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and without residual sinus. In no case lias it been necessary to remove a part 
or all of the mesh, nor have draining sinuses attributable to suture material 
occurred. 

Early experience was confined to the use of tantalum mesh.’^ It proved 
satisfactory in the immediate postoperative jieriod and the early impression 
was extremely favorable. . However, follow-up studies have repeatedly shown 
that the tantalum mesh may fracture or disintegrate with the passage of time. 
Eor this reason, we changed to stainless steel mesh.f Erom our experience 
there seems to be little doubt that stainless steel is superior to tantalum for 
mesh; it withstands shearing stresses much more satisfactorily, and the factor 
of fatigability is less apparent. 


summary 

Defects of the chest wall secondarj’- to extensive surgical procedures may 
be prevented by the use of mesh prosthesis which should be applied at the time 
of the definitive operation. 

A series of twenty-one patients, operated upon at the Cleveland Clinic, have 
been presented; in each patient a mesli prosthesis has been successfully applied. 
There have been no clinical failures attributable to failure of the patient’s tissue 
to tolerate tantalum or stainless steel mesh. 

ilesh prosthesis has also been applied to reinforce reconstruction operations 
in the diaphragm; six patients were so treated for diaphragmatic hernia or 
eventration. 

Experience in this series of patients suggests that stainless steel mesh is 
superior to tantalum mesh. 
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DISCUSSION 

DR. LAWREXCE M. SHEFT.S, San Antonio.—The size of the .-.urgical .specimen.-, is 
certainly a compliment to Dr. Efiler’.s surgical ability; the size of the surgical specimen 
sent to the laboratory was almost as big an the patient. It demonstrates very vividly 

•TM 53 gauge. .003 diameter. 50 x 50 mesh—Etliicon 

fSurgaloy Product. No. 71. .003 diameter, 50 x 50 mesli—Davl.s and Geek. 
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If mj luemoiy is coriect, Di. Ada was one of the fiist to leport on the use of tantalum 
mesh and leconstruction of the chest uall I gathered fiom his lemaiKs that he lias not 
been impiessed -nith fragmentation of tantalum mesh, ceitainh this has been the lule 
lathei than the exception m my senes Honeier, I belieie it will be moie appaient on 
the anteiior chest nail than posteiioilj. Someone, I belieie Di. Babcock of Philadelphia, 
has tested the sheaiing stiength of laiious t\pes of ineit materials on a uiecliaiiical deuce 
and has denionstiated that stainless steel mil toleinte this tipe of aetiiiti mucli bettei 
than tantalum 

Di ileiidelsohn calls attention to the fieqiienc> of leciuience of iibiosaicomas in the 
chest wall ilaiii of the cases in this senes weie lecunent tiimois, nhicli empliasires the 
necessity of an extensile well conceived operation that is correctly perfoimed the first 
tune Experience eiicouiages me to belieie that there is almost no limit to the amount 
of chest nail that can be lemoied it a mesh piosthesis and an adequate skin closiiie can 
be eniploi ed The t\pe of opeiation that is inadequate in its basic conception mil onl> be 
lewaided mth lecurient neoplasm of the chest wall and necessitate multiple piocedures 
mth a eorrespoiidinglj pool piognosis 

I appreciate len much the oppoitiiiutc of aiipeanng befoie this Association, again 
I noiild like to thank the disciisseis of this paper 
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following nglit lowei lobectomy, the replacement of the defect which had been pie\ioiibh 
present soiled the dilhcult closure i^iobleni and tlie patient had an iineienttul reco\ei\ 
with no dilhcultj in le expansion 

The next patient was a i oung man wlio had had a hbiosaicoiui of tlie chest wall 
loealU excised piexiouslj , onlj owe iib i\as leinoied ^\lthln one jear he had a retui 
lence, and the first slide shows this in the chest wall at this point ithin a few months 
It had giown to this size iiuohing the left lung The lesion was excised bj a large en bloc 
excision, lemoiing the fourth, fifth, sixth, and seienth iibs fiom the anterioi to the 
posterior axillarj line Di Efflci mentioned and Di Ada show ed the piobleni of prevent 
ing paradox It was thought best to prevent paradoxical motion with a wide sheet of 
G bj 12 inch tantalum suppoited bv a rib stmt This was done bv bisecting the eighth rib 
longitiidinallj, preseiving its peiiosteum, fiacturiiig it posteiioilv at its nech, and 
measuiing it so that it coincided with the aiiteiior limit of the excision at the fourth iib 

The luteiesting pait of this is, uiitoitiinateh foi the patient, that within a veai 
he again liad a leeiiiieiiee of this fibiosarcoma in the lung, and on doing a pneumonectomj' 
we obtained this speciiiien which includes the tantalum mesh chest wall, rib strut, left lung, 
and a poition of the left diaphragm 

(Slide ) Here it is possible to see the outer suiface of the specimen I had resected 
a poitioa of the scapula in the previous opeiation so as to pi event a seious pocket from 
forming and there was no such pocket The muscle had grown into the tantalum mesh, which 
had also fiagmeiited I do not have slides of the sections heie, but thcie was muscle giowing 
into the tantalum mesh with praetieallj no reaction at the site of the tantalum 

(Slide ) This shows the lung and a poition of the diaphragm lemoved vvath the tumor 
The diaphiagm lieie and the bronchus heie, and theie is some lecurrent tumor in this area 

I piesent this case chieflj to show two things a method of preventing as much as 
possible paradox by using a iib strut beneath the mesh, and also the fact that with 
tantalum mesh (or subsequently I hav'e used stainless steel mesh) there is practicallv no 
reaction Followaug pneumonectomy this patient had veij little trouble There was little 
or no paradox, and he had an uneventful recovery from the operation Ultimate prognosis, 
howevei, is poor. 

DE BEET H COTTON, Los Angeles—I use for three reasons Eirst, to sav how 
much I enioved Pi Etflei’s excellent paper Second, to concur with Ins encouiaging observa 
tioiis bv lepoiting fourteen cases with favorable results in block resection of the chest wall 
and prosthesis bj stainless steel wiie mesh Thud, to piesent one i.ise which I thought might 
be of interest 

(Slide ) This illustrates a case of block leseetion of a chest w ill and pectoialis ininoi 
muscle for sarcoma, the attempted prosthesis, and the lesiilt Here is seen the tumor involving 
the uppei half of the light chest wall 

(Slide ) The resected block of chest wall including the second, thud, fourth, fifth, and 
sixth libs, fiom the traiisveiso processes to the sternum, and the later.il half of the seventh 
rib is shown here 

(Slide ) This x rav film shows an IS inch sheet of heavv scieen wiie, No 40 stainless 
steel mesh, molded to the contour of the right hemothoiax 

(Slide ) Here is a back view of the patient, the scapula has i uised buckling of the 
posterior portion of the prosthesis, the mesli we felt was not heavv enough 

(Slide ) The front view shows a satisfaetoiv co'inetic result There i« slight 
prominence of the light pcetoralis aiea due to the posterior binkling of the [irosthi sis 

Again, mav I offer congratulations to Pr Eftlii 

DR ErrUER (Closing)—I am giatefiil to the discuss mts of this papei ind in par 
ticular would like to thank Dr “shefts for his kind remarks The method of applving a 
mesh which he has described is a definite refinement, and I am sure is an improvement ovir 
that presented today I would like Dr Shefts to know that all the surgical spceiniciis were 
not of the magnitude shown on the screen knowing tint some Tixiiis would be jircsciit I 

brought onlj the largest 
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fui'thei’ to overcoiue one I'eiuaiiiiug difficulty. It Avas found that eAeu A\ith the 
maiieuA'er sugge^>ted hv Waugeusteeii the ribboiLS AAcee souicAAhat ligid azid 
not long enough to adapt theinseh’es easily to all corners of the empyema 
caA-itj-y^y ex cising the parietal pleiu:a -^th its thick layer of fibrous tissue 
this difficulty A\ as oA-ercome, and the added adA-anta ge Avas gained of filling the 
space AAUth niiisele tissue, AA 'elT~suppded Avith blood, A A'lji^i_r apidIy threAV~bu t' 
granulations to become adh erent to the Tiseei’al layer. Sin ce that ti me t his 
operation has been used on many occasions for chr onic caAdties, both pleural 
a nd extrapleural in situation , aiu^ffi>s' proA-ed extremely satisfactory. Only 
A'ery recently haA'e aa'c learned tha't''uro^ excellent description of t he 

same procedure in 1946. HoAA'ever, jucQngTj^cent publications on the treat- 
meuFrf epyema and also from discussions Avith thoracic surgeons, it appears 
that this operation is little Iuioavu and seldom practiced; SA\-eet in a recent 
textbook of thoracic surgery describes only the orign ml Sehede operati on. 
I t seems AA'orth AAh ile to describe tdie^peiSioiTagamTindleathigits'adrantages 
and limitations, in the hope that it AA-ill become more AA'idely used. 



FIS’. 1.—The dia^ranis illustrate the treatment of a chronic 
inspection of the open empyema ca\ity, 
resected and the intercostal muscle bundles frc^. 
tcsecteil as indicated by the dotted lines. 


empiema following pneu- 
all the ribs overlying: the 
The parietal tv all will be 


THE METHOD 


An incision is made Avhieh permlts_c xposnre of all the ribs o vcrl-cino- the 
caAitA and three or four of the ribs oA'cr the center of the spa^ieareleeieeted The 
jm-iostenm of each rib bed is then incised in a linear failiioTThna combina- 
U^pf^avp mid bUM yWctionJn^^ of the cndotlioralkT^^dTthe 

thri^g^g^ibs arc and it 

ciscd and tlie iiU erior of the cai-itA- insiieetcd Aritli -^-'wSiLi?' 


AN OPEEATION FOR CHRONIC PLEURAL EJIPYEiAIA 

Frederick G. Kergin, M.D., M.S., F.R.C.S. 

Toronto, Ont. 

A PLEURAL empyema can be,termed ehroiiic_Qiily-wieu,-in_spite-of_ade- 
qiiate drainage, the pleural space shows no appreciable tendency t o 
decreas e in size. T Ee~fdeal solution for this situation is tojobliterate t he space 
by causing t he lung to exua ndJiv the use of some form of decortication. Ho^v- 
ever, there remains a group of patients to whom this ideal treatment cannot be 
applied. Occasionally decortication is teehnically_impossible-Hiioi-®-often-the 
lung can not, o r should not, be . expanded because of an intrinsic dispiisp , m ul 
sometimes the lung ha^been remov ed previously . For these patients the sur¬ 
geon must resorI~to= ^oracoplas{^ If the process is truly chronic there is 
invariably deposition of fibro us tissue on the parietal pleura. Tim tissue may 
be sufficientl y rigid so that even after removal of the ri bs the chest wall cannot 
fall in to confo rm to the shape of the cavity and s o lead to the healing of one 
surface to the o flier to produce obliterati on of the space. 

The op eration describe rl l>y SiuTiFt p hrT^OO was founded on an accurate 
knowlecJgF'orthe pathology of chronic empyema and was a,.great-step-for-\\mrd, 
but it has serious faults; it is shocking and mutilating, it sacrifices intej ^gostal 
n erves w ith rem ilting cutaneous anes th esia and paresis of j l ie abdominal wall, 
it leaves a lar ge op en woun d renuiriiiir a lons^period of packing and dressing 
before h@ing is~coiDjilete. in^it leaves ai Mnstable chest wall. After'healing 
occurs, the rigid Ausceral layer of fibrous tiss ue lying on lung and mediastinum 
becomes thinne r so that instability deveh ms; par adoxical movement is -ii-prob- 
lem and tlie heart is unprotecte d. Vailous modifications of the operation have 
corrected some of the faults. The modifications ol^obertsjeave a stable chest 
wall but sacri^e the nerves, and the wound is packed open, which leads to 
slow healing.'yHelle r, in 1934. des cribed an operation in which, after removing 
the ribs o verlying the cavity, the rib beds are inci sed to creat e a series of 
rib bons ; each of these ribbons consists of an intercostal mmscle with the accom - 
panying vessels, ne rve, un de rlying parietal pleura, aiyd fibr ous--tissue . These 
ribbons are dropped into the cavity to act a s space-fillers.''^In 1935, Wangen - 
steen described the same^pcedure with certain modiheationsTI^gned to make 
the ribbou^uore mobile, and so more adaptable to the shape of the cavity. 

The rIeller-Wangciist cen o peration is effective and overcomes all the 
serious faults of the Sehje^dejn'oeedur^ the intercostal nerves are preserved; 
the pmiostmim__reuuuns,^^c^^ ri b regeneration to provide a stable chest 
\^1lT^iid~tIieAv ^nd can be elo.sed with t ube drainage. Some tittcen years 
agoTOr. N. S. Shenstone, Dr. R. M. Janes, and I modified the operation still 
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Surgical Service of the Toronto Uoneral Hospital. 

Received for publication starch 9, 1953. 

•130 



KERGIX ; 


OPER-VTIOX FOR CHROXIC PLEURAL EJIPYEAIA 


433 


wall^i e space is filled with living tissue exc ellent blood supply wh ich 

rapidly tPrnws ont grannlation s to laecmne adlierent to the visceral wadijlsfalas 
.may be dealt with directly , and the wound is sutured a nd h eals by primary 
niiioii/^ ^ The mobilized intercostal muscle bundles are o f ample l eiygtIy^nj_coin- 
pletely liable s o that thev adapt tliei nselves perfectly _to th e shape of the visce ral 
layer leavi ng no nnocc\ipicd corners. 

With certain modifications, mentioned below, the operation can be used for 
anv chro nic pleural or extra nlenral cavitv. provided there has not been a pre\ious 
unsuccessful extrapleural thora coplasty. In such a case it is not possible to 
resect the reformed ribs withoiit_damaging th e intercostal muscle bundles^ We 
have appl ie d the o peration to chron ic nontnberculons empyema, t o empj ema 
following lobectomy or pne nmonectomA- . to tuberculous empvema with and with- 
oivt~seeondary infection, and w c have used it t o clo se cavities remai ning after 
extrapleural pneumothorax or ploinliage theiupy. 4Iany of the trtbereulous cases 
were operated upon before streptomycin Avas at'ailable but in only one patient, 
to be mentioned latei', Avas there a tubercttlons Avonnd infection. 

There has been no death attributable to this operation and only tAvo com - 
p licatloSff^ he paTien:t 'had~al L^ctionary hem orrhage on the night of operatio n 
A vhich required r^penmg tli^vound and packing: this dela yed healing but t he 
result Av as otherAAnse satisfactory^^ The other complication emphasizes the one 
eontraiudication to this Ijite of operation. One of our patients had an apical 
Wberculous empyema as the result of lAncAunothorax tlicrapy and there Avas a 
small bronchial fistula; after treatment, as descri bed previously, he cleA'eloped 
a t uberculous subsoapAAlar infection AAdiieh reciuired t reat ment by a pedicle 
nuLscle graft for Av hich pe ctoralis ma.ior A\-as used. F or a tn])ercnlons emp vema 
lyin g under the scapula the operation should be modified. 


If the tuberenloAis empyema is complete, an upper scvc u-ril) extra pleural 
thoracoplasty is done as a first stage. About four AveeJvS later die loAver part of 
the cavity is dealt Avith through a fresh incision, th e i ntercostal mu scles being- 
freed as usual and the parietal Avai l excused. I f. as is usu ally the case, the 
previous extrapleural thoracoplasty has failed to oblit erate the upp er part of the 
eaA’ity and there is a narroAv tunnel left posteriorly, one or tAvo intercostal 
muscles may be dhuded anteriorly and tucked into this space as a muscle graft, 
aiul.thc..opei:atipn on the loAver chest comnlcted in the usual fashion. This com¬ 


bined ijrocedure is very effective, and, since the snbscapnlar space is not opened 
at the second operation, there is no danger of infecting it. 

co ll apse of a very thick-Avalled apical extrapleural space com- 
phoated by tiAereulous infection, the result of extrapleural pneumothorax 
therapy, a different modification has been used on one occasion, Avith siicee.ss 
Altm- ivsecUug the overlying ribs and mobilizing the muscles as usual, the thick 
parietal wall was .shaved down with a .scalpel until it became thin and pliable but 
caie A\as taken not to enter the cavity. Aspiration of the contents then caused 
the paneta wall to collapse against the visceral .surface, the bundles Avere laid 
on top and the Avound closed. ‘ 
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i nterc o stal bundles are then freed throiig liout t heir length, to result in the 
situation illustrated in Fig'. 1. The bundles ivere shortened by the contract ion 
ot‘ the fibrothorax; udien liberated they lengthen and become quite slack, so are 
easily retracted, a nd later will fall into the cavity without tension. The narietal 





EJklERGBNCY PULMONARY RESECTION FOB MASSR^E 
HEilOPTYSIS IN TUBERCULOSIS 

C. A. Ross, M.D. 

EcMpxTOX, Alberta 

O NE of the most alarming complications of pulmonary tuberculosis is mas¬ 
sive hemoptysis. Such an occurrence terrifies the. patient and distresses 

the physician. _ i . -n 

Approximately one-third of patients with pulmonary tuberculosis will 

have hemoptysis but this reaches alarming proportions in only about 2 per 

cent of the eases. 

Such gross hemorrhage is a dangerous complication of tuberculosis. The 
patient, who does not succumb to exsanguiuation or to suffocation by aspirated 
blood, very frequently deAmlops a diffuse bronchiogenie spread of the disease 
which may cause death at a later date. 

SOURCE OF HEMORRHAGE 

It is recognized that major hemorrhages are usually associated with the 
chronic fibrocavernous type of phthisis. The bleeding is due to the rupture 
of a small aneurysm in the wall of a cavity in most instances. These aneu¬ 
rysms were first described by FeariP in IS-il, but Rasmussen of Denmark^ did 
extensive ivork on this subject and the lesions have been named “Rasmussen 
Aneurysms." Most investigators have concluded that the vessels involved are 
branches of the pulmonary arteries but more recently Cudowicz^ has shoum by 
an excellent series of investigations that the blood supply to the lung in these 
areas of fibrotie tuberculosis is mainly by rvay of dilated bronchial vessels and 
that these anerrrysms are probably of bronchial rather than of pulmonary 
arterial oi’igin. 

JIETHODS OP TREATMENT 

The usual methods used to control hemoptysis include: rest, sedation to 
calm the patient and to prevent excessive coughing, A'itamin Iv and systemic 
coagulants. Some believe that ice bags applied to the chest may be of some 
value. Artificial pneumothorax, induced on the affected side, when possible, 
may be useful. Phrenic crush, pneumoperitoneum, emergency thoracoplasty 
and emergency plombage have all been employed for the control of hemor¬ 
rhage from tuberculous disease. 

Although gastric resection, in certaiji cases of massive bleeding of gastric 
origin, is ati accepted procedure, the concept has not generally been extended 
to uncontrollable pulmonary hemorrhage, associated with tuberculous disease. 
A review of the pertinent literature reveals only one such case report ^ al¬ 
though it is most likely that there are iinreported cases in which the operation 
has been performed. 

From the Aberhart Memorial Sanatorium. 

Hecelvcil tar publication March 4, 1953 . 
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By inodificatious such as these, tliis method of thoracoplasty can be adapted 
to the treatment of any chronic empyema, proidded the ches t n-all has not b een 
mutilatedbvjLpreidnus tho racoplasty operation. 

SUMMARY' 

1. The principles involved in the treatment of chronic empyema are dis¬ 
cussed. 

2. The disadvantages of the Schede ope ration aiid certain unodifica tions of it_ 
are stated. 

3. An operation, -which is essentially the same procedure as that published 
by Grow, is described, with certain modifications which ma}' be necessary for 
special problems. It has proved veiy satisfactory over a period of fifteen years 
in the treatment of all varieties of nontuberculous and tuberculous chronic 
empyema. 
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EilERGEXL’Y PEL^^IOXARY RESFXTIOX FOR :MAS3n'E 
HEMOPTYSIS IX TCBERlTLOSlS 

C. A. Ross, iLD. 

Edmqntox, Alberta 

O XE of tlie most alarming complications of pulmonary tuberculosis is mas¬ 
sive bemoptysis. Such an occurrence terrifies the patient ami distresses 

the phvaeian. a • -u 

Approximately one-third of patients tvith pulmonap- tuberculosis will 

have hemoptysis but this reaches alarming proportions in only about 2 per 

cent of the cases. ^ ^ i - me 

Such gross hemorrhage is a dangerous eomplication of tuberculosis. The 

patient, who does not succumb to exsaiiguination or to suffocation by aspiiuted 
blood, vew frccpiently develops a diffuse brouchiogeiiic spread of the disease 
which may cause, death at a later date. 

SOL'RCE OF HE-MORRHAGE 

It is reeognked that major hemorrhages are usually associated with the 
chi’ouic fibroeaveruous type of phthisis. The bleeding is due to the rupture 
of a smaU aneurysm iu the wall of a cavity in most instances. These aneu¬ 
rysms were first described by Fearu^ m 1841, but Rasmussen of Deiuuark- did 
extensive work on. this subject and the lesions have been named "Rasmussen 
Aneurysms.’’ Most investigators have concluded that the vessels involved are 
branches of the pulmonary arteries but more recently Cndowicz^ has shown by 
an exceUent series of investigations that the blood supply to the lung’m these 
areas of fibrotie tuberculosis is maiuly by way of dilated bronchial vessels and 
that these aneurysms are probably of bronchial rather than of pulmonary 
arterial origin. 

AIETHODS OP TREVrilEXT 

The usual methods used to conti-ol hemoptysis include: rest, sedation to 
calm the patient and to jireveut excessive eoiighbig, mtamin H and systemic 
coagulants. Some heReve that ice hags applied to the chest may be of some 
value. Artificial pneumothorax, induced on the affected side, when, possible, 
may be useful. Phrenic crush, pneumoperitoneum, emergency thoracoplasty 
and emergency plombage have all been employed for the control of hemor¬ 
rhage from tuberculous disease. 

Although gastr-ie resectiou, in certain eases of massive bleeding of gastric 
origin, is an accepted procedure, the concept has not generally been extended 
to uncontrollable pulmonary hemorrhage, associated with mherculons disease. 
A review of the pertinent literature reveals only one such ease report,^ al¬ 
though It is most likely that there are unreportecl cases in which the operation 
has been performed. 


From the -Vberhart Wemonal Sanatorium. 
Kec 6 j\ed for publication ilarch i, 1953. 
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It is recognized that pulmonary resection to control hemorrhage due to 
trauma is not an unusual occurrence. Such a procedure falls into an entirely 
different category from the ease under discussion. 

The following report is presented in an attempt to stimulate further in¬ 
terest in this procedure as a lifesaving measure in certain instances of hemor¬ 
rhage from puhnonaiy tuberculosis. 

CASE REPORT 

iirs. !M. K.j aged 45j ^\as a woman of Preach and Xorth Aiueiicau Indian extraction. 
She was admitted for tieatmeiit of pvilmonaiy tubereulosis in April, 1951. At that time 
she had moderately-advanced disease iiuoUing the right lung. The x-ray pictures showed 
that the upper lobe was iibrotic and contained a laige cavity while the lower lobe showed 
scatteied uodulation and dbrosis. The sputum was po:>ili\e for tubercle bacilli. 
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Although it i\His obvious that ^^consoivativo*^ niothoils ot troatmout would bo ot no 
value m this case, a pneuiuopeiitoiieum was induced iii an attempt to impiove the patient's 
ooiidition. Roseetioii was oonsideiod, but postponed because the patient was not considered 
to be a lit sub 7 ect for suigetv at that time. Hemoglobin was Oil pei cent ot noiiunl; 
albumin globulin ratio was leveisod, the cephalin lloccubition w is two plus She also hud 
considerable gastiointestinal distuibanee winch was onlv paitiall.v contiollod bj diet and 
antispasmodics. 

On May 21, 1952, attei a lathei luge pneiiuiopeiitoiieuui lelill, she began to cough 
up some blight led blood. The Iiemoiihage soon became piotuse and dining the following 
tour dajs she had lepeated huge hemoptvses vaiving in amount troni 10 to 20 ounces ot 
blood at a time ^lay 25 the bleeding had almost ceisod Hemoglobin determination 
at this time was 51 pei cent of noimal A blood tianstusion (500 c c ) was given 

X ra.v films at that time showed a dilluse spiead ot the disease to the lower lobe ot 
the right lung, and the tcnipeiature was elev ited to 102° T. 

On Mav 29, she began to have tinthei piotuse hemoptvses 'I’his continued during 
the day and bv eailj evening she was in eN.tieine shock and it was not possible to deter 
miiio the blood piessuie rmthei transtusion was started but replncement did not keep 
pace with the continued loss ot blood A second tiansfusion was started in another limb 
and with both luiining iindei presauic, she was taken to the opeiating loom toi an emer 
geiicy pneuinonectoinv 

After induction ot the anesthesia, she was bioiichoscopcd and coiisideiable blood was 
aspirated tioiii the tiachei and liionchi A Thompson bioncluis block was introduced into 
the right main stem bioneluis and the b illooii intlated This controlled tiiithei hooding 
of the opposite lung with blood N\ ith the patient in the lateial position, a right thora 
eotomy was done and a rapid pinuniomctoniy pcitoimed Mobiluation ol the lung, done 
evtiapleurill), was ditlnult bee uise ot extiemel^ dense adhesions Hiiiing this procedure 
tho nzvgos vein was iiiadv eitenth toin c lusiiig troublesome hemoiihage The bronchus 
WHS closed with a single lovv of iiiteriupted veilicnl m ittress siituies 

Postoperativelv the patient’s condition w is onlv fan Blood piessiiio roniained 
at approMinatelv 70 to SO mm meiiuiv, svstolic toi twenty foui hours, in spite ot wliat 
IS usuallv considered to bo adeipi ite blood tianstusion She had in all S,000 c c ot blood, 
including the two bottles vvhicli weie luuiiiiig at the time she was taken to tho operating 
room 

Teiiiperaturo, which hid been 101° T iminedi itelv piioi to the operation, dropped to 
normal the next da^ and lemuined so until tho sixth postopeiativo d.iv when it again rose 
to 101° F and a dehnito conti.il iteial spread ot tho disease was noted 

Hihvdrostreptomvcm (1 Gin dailj) w is stinted on !Maj 22, after the hrst henioptjsis 
Following the opeiution 1 Gm twice daily was giv'oii 'fins was continued until July 1, 
when It was changed to 1 Gm thiee times vveokij and so continued until October i 
Stieptomv cm had to be discontinued at this time because ot comphiints of nausea which 
seemed to be associated with tho use of tho drug PAS, 12 Gm dailj, was given in con 
junction with the stroptoinvcm troiii .Mav 20, onward Isonieotinu acid hvdr.i/me, 200 
mg daih, was lomiiieiKed on June 19, and his bei a lOiitinind until the present writing 
P.VS solution coiitamiiig 10 Gm of tho drug was introduced into tho right pleural space 
everv other d ij tor two weeks postoiiorativelv 

.V small piieumoperitoiieum was iinmtamed until iS'ovember 1, to help reduce the si/e 
of the right hemithoraeic space 

Tile patient was discli irged trom the Sanatorium on .Tan 13, 1951 Vt present she 
IS well, ste idih gaming weight and x rax pictures show no evidence ot utive disease m 
tho iontralater.il lung bx.mimatioii of sputum and tasting gastric juice on repeated 
occasions have not shown the presence ot tubercle bacilli on either smear, < ultiire, or 
guinea pig inoculation 
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DISCUSSION 

It is interesting to note that even though tlie operation was performed 
in the face of an acute exacerbation of the tuberculous process, and on a pa¬ 
tient who M'as a veiy poor surgical risk, the outcome ivas gratifying. It is also 
noteumrthy that a contralateral spread of the disease appears to be controlled 
by prolonged antibiotic therapy. 

Technical considerations of importance are: (1) Excellent anesthesia is 
most necessary. (2) Large amounts of blood transfusion must be given, par¬ 
ticularly during the operation. (3) Endobronchial tamponade prior to be¬ 
ginning sui'gerj’’ is the ideal method of positively controlling the hazard of 
aspiration of blood by the other lung. (4) Although speed in surgery is not 
generally important with the advantages of present-daj' anesthesia and blood 
replacement therapy, this is an instance rvhen speed is necessary. Such a 
patient cannot stand prolonged operative procedure. _(5) Prolonged antibiotic 
therapy is necessary in addition to surgery. 

It is difficult to list indications for surgical intervention in these cases 
but it is obmously unwise to attempt the procedure unless the contralateral 
lung is either free of disease or has onlj- minimal disease present, and that 
should preferably be in a stable state. Conservative measures should first be 
tried to control the situation, but surgery should not be delayed until a mas¬ 
sive contralateral spread of disease has occurred or the patient is in such poor 
condition as to be beyond surgical help. 

Usually the simpler operation of pneumonectomy vdll be preferred to 
lobectomy but in certain instances the latter may be indicated. 


SUIIAI-ARY 

A successful emergency pneumonectomy for massive hemoptysis com¬ 
plicating pulmonary tuberculosis has been presented. 

Some suggestions have been made regarding the treatment of these cases. 

I would like to thank Dr. Nelson Nis of Edmonton who very ably handled the difficult 
anesthetic problem that this case presented, and the iledical Staff of the Aberhart Alemorial 
Sanatorium for their assistance and cooperation. 
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Although it was obvious that “conservative" methods of treatment would be of no 
value in this case, a pneumoperitoneum was induced in an attempt to improve the patient's 
condition. Resection was considered, but postponed because the patient was not considered 
to be a fit subject for surgeiy at that time: Hemoglobin was 62 per cent of normal; 
albumin-globulin ratio was reversed; the cephalin flocculation was two plus. She also had 
considerable gastrointestinal disturbance which was only partially controlled by diet and 
antispasmodics. 

On May 21, 1952, after a rather large pneumoperitoneum refill, she began to cough 
up some bright red blood. The hemorrhage soon became profuse and during the following 
four days she had repeated large hemoptyses varr-iug in amount from 10 to 20 ounces of 
blood at a time. By May 25 the bleeding had almost ceased. Hemoglobin determination 
at this time was 51 per cent of normal. A blood transfusion (500 c.c.) was given. 

X-ray films at that time showed a diffuse spread of the disease to the lower lobe of 
the right lung, and the temperature was elevated to 103° F. 

On May 29, she began to have further profuse hemoptyses. This continued during 
the day and by early evening she was in extreme shock and it was not possible to deter¬ 
mine the blood pressure. Further transfusion was started but replacement did not keep 
pace with the continued loss of blood. A second transfusion was started in another limb 
and with both running under pressure, she was taken to the operating room for an emer- 
genc 3 ' pneumonectomy. 

After induction of the anesthesia, she was bronchoscoped and considerable blood was 
aspirated from the trachea and bronchi. A Thompson bronchus block was introduced into 
the right main-stem bronchus and the balloon inflated. This controlled further flooding 
of the opposite lung with blood. With the patient in the lateral position, a right thora¬ 
cotomy was done and a rapid pneumouectomj' performed. Mobilization of the lung, done 
e.xtrapleuralh', was difficult because of extremelj' dense adhesions. During this procedure 
the azj'gos vein was iuadvertentl.v torn causing troublesome hemorrhage. The bronchus 
was closed with a single row of interrupted vertical mattress sutures. 

Postoperative!}'- the patient’s condition was only fair. Blood pressure remained 
at approximately 70 to SO mm. mercury, systolic for twenty-four hours, in spite of what 
is usually considered to be adequate blood transfusion. She had in all 8,000 c.C. of blood, 
including the two bottles which were running at the time she was taken to the operating 
room. 

Temperature, which had been 10f° F. immediately prior to the operation, dropped to 
normal the next day and remained so until the sixth postoperative day when it again rose 
to 101° F. and a definite contralateral spread of the disease was noted. 

Dihydrostreptomycin (1 Gm. daily) was started on May 22, after the first hemoptysis. 
Following the operation 1 Gm. twice daily was given. This was continued until July 4, 
when it was changed to 1 Gin. three times weekly and so continued until October i. 
Streptomycin had to be discontinued at this time because of complaints of nausea which 
seemed to be associated with the use of the drug. PAS, 12 Gm. daily, was given in con¬ 
junction with the streptomycin from May 30, onward. Isonicotinic acid hydrazine, 200 
mg. daily, was commenced on June 19, and has been continued until the pre.sent writing. 
PAS solution containing 10 Gm. of the drug was introduced into the right pleural space 
every other day for two weeks postoperative!}'. 

A small pneumoperitoneum was maintained until November 1, to help reduce the size 
of the right hemithoracic space. 

The patient was discharged from the Sanatorium on Jan. 13, 1953. At present she 
is well, steadilv gaining weight and x-ray pictures show no evidence of active disease in 
the contralateral lung. Examination of sputum and fa.sting gastric juice on repeated 
occasions have not shown the presence of tubercle bacilli on either -smear, culture, or 
guinea pig inoculation. 
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Original Communications 

THE PBBSENT CHAOS EEGARBINCr EESECTION OP EESn)HAL 
CASEOUS LESIONS IN PULMONARY TUBERCULOSIS 

Edward J. O’Briex, M.D., Detroit, 3Iicm., Arthur C. Miller, :M.D. (bv 
IXTITATIOX), Loma Linda, Caup., Paul T. Chapmax, M.D. (by ixvitatiox), 
Koert Koster, il.D. (by invitatiox)-, axd Paul V. O’Rourke, M.D., 

Detroit, JHch. 

A FEW years ago, a soniewliat generally accepted agreement on tlie indica¬ 
tions for resection in pulmonary tuberculosis bad been reached. Medlar’s^ 
excellent contribution regarding tbe residual caseous lesion and simple excision, 
however, started a wave of enthusiasm (prematurely) for resection of almost 
all residues remaining after chemotherapy treatment, regardless of the length 
of time it was used. This mew still pereists, in spite of the fact that investi¬ 
gators, including Medlar himself and his associates, now almost tmanimously 
agree that we have no accurate evaluation of the pathologic and hacteriologic 
aspect of many of the lesions iu question, nor any proof that they should he 
resected, hlany lesions, including apparent scars, contain caseous foci. 
D’Esopo- states that while it appeared at the time Medlar’s^ contribution was 
made caseous residuals should be resected, the past tivo years of research 
prove this very questiouahle. 

That the pathogenicity of tubercle bacilli may be afiected by their ac- 
coiumodatiou to incarceration within the necrotic lesion is generally conceded. 
Acid-fast bacilli can be recovered from many of these lesions in smears and 
cultures. This is especially true of open, cavernous lesions, and to a much 
lesser extent in closed ones. Medlar^ obtained positive cultures in only 7 
per cent of the closed lesions and an average of 40 per cent in all specimens. 
Our findings corroborate tliis. However, tlie important question, whether many 
of these bacilli are virnleut, is unfortunately still controversial in some 
quarters. 

Surgen^San^ :F?^ciJco.‘^Ca«lf Ma?chAssociation tor Thoracic 
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THE AilEEICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The S-ith annual meeting of the American Association for Tlioracic Surgery will bo 
held May 3, 4, and 5, 1954, in Montreal, Que., Canada. Headquarters will be at tlio 
Sheraton-Mount Eoyal Hotel. 

Requests for Hotel Reservations 

These should be mailed directly to the Reservation Manager, Sheraton-Mount Royal 
Hotel, Montreal, Que., Canada. Please mention this Association, type of accommodation 
desired, date, and appioxiraate hour of arrival. If accommodations are desired elsewhere, 
please communicate directly with hotel of jour choice. 

Thoracic Surgical Forum 

After due consideration, the Council has decided to try an e.\periment bj- assigning 
one morning session to a “Thoracic Surgical Foium” for the presentation of short papers 
on current thoracic research, anatomy, modified surgical techniques, etc. Papers at this 
session will bo limited sharplj- to ten minutes (including the showing of lantern slides or 
other illustrative material) with three minutes as the maximum discussion of each paper. 

These papers will be published together in one issue of The Journ.vl of Thoracic 
S i’ROERY. Maximum length; 3,000 woids without illustiations. If illustrated, an appropriate 
number of words must be subtracted for each cut used. 

Abstracts for Papers 

Abstracts for the piosentation of papers at the 1954 meeting, including papers 
before the Forum, must be received on or before January 1, 1954, otherwise they will 
not be considered bj' the Program Committee. 

■Abstracts .should be l.abeled ‘‘For Foium” or “For Regular Piogram.” 

Fmc. II yen t file, copies of each abstiact should be sent to the .'^ecretai j" of the Asso 
ciation. Dr. Paul C. Samson, 293S McClure St., Oakland 9, Calif. Thej' should not bo sent 
to the Editor. 

The abstracts should contain from 200 to 250 words and accurately reflect the con¬ 
tents of the completed p.aper. 


Applications for Membership 

Applications for Associate ^feinbersliip in the Association must be receiicd by the 
Membership Committee not later than .Tan. 1, 1954, to be considered for action in Jfontreal. 
Applications received bejond this deadline uill be deferred for consideration until 195.5. 

Applicants must be sponsored bj" three Active or Senior Jfembers of the .Association. 
In addition to the sponsoring statement on the application form, the sponsors must submit 
a separate letter concerning the applicant direct to Dr. Lyman H. Brewer, III, Chairman 
of the Membership Committee, 2010 'Wilshirc Blvd., Los Angele.s, Calif. Completed 
application forms should likewise be sent to Dr. Brewer. These regulations are at the 
direction of the Council and were made effective in 1952 at Dallas, 
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concentration are actnaUy bacteriocidal. Before chemotherapy, it ^yas thought 
that cavity closure, and healing resulted after the bronchial opening became 
occluded, rendering the closed inspissated material more susceptible to the 
physiochemical environment. 

It is the small, nodular, apparently arrested residue present after one or more 
vears of medical management, hoivever, that is the most controversial. Canetti' 
conclndes that dead bacilli exist, in these lesions, -with or uithout chemotherapy. 
Siveany^-” believes theii- life under these conditions depends on the length of 
time they are imprisoned, and believes they are dead after five j ears, itahon 
states his studies shoiv that streptomycin was rarely present in the center of the 
lesion, and that acid-fast bacilli found there could not be cultured, dlurphy^ 
questions whether we are justified in recommending even wedge resections in 
these lesions. Auerbach" says it is impossible to determine whether unobliterated 
residnals should be left in situ or resected. It seems incongruous to treat a 
hospitalized patient for twelve to eighteen months or more, watch the lesion 
clear from an extensive infiltration to a small residue that has remained 
stationary for months (with negative sputum for a year or more), and then 
debate whether to send him home or resect. (For bremty, the lesion just de¬ 
scribed will be referred to as a "'nubbin''’ in this paper.) 

That we see more filled cavities under chemotherapy is unquestionable, 
hut this is diffieitlt to correlate with Auerbach’s findings. It is thought by 
some that chemotherapy, especially INAH, dries up the material and prevents 
its expulsion. 

itany relapses or extensions of disease, before ehemotherapy, obviously 
came from expelled caseous foci, but now this is not apparent. It seems fi'om 
mu' experience that in a larger percentage of patients reactivation occurs in 
other lesions which previously existed. Examination of many serial roentgeno¬ 
grams seems to confirm this. 

It has been mm opinion that noneavemous lesions with somewhat exten¬ 
sively mixed residues after long chemotherapy, Avith little or no change in 
x-ray appearance, should he resected. TTe have no proof now, however, from 
baeteriologic studies, that even tliis is correct. Ilany feel that apparentlv 
thick-walled cavities should be resected early, but it is not controA'ersial that 
cavity walls thin out markedly, imder chemotherapy, and often become much 


smaller with walls so thin they are difficidt to see. These lesions, with con¬ 
siderable assurance, can be expected to close and heal with some form of 
collapse therapy—pneumothorax, thoracoplasty, or phrenic added to their 
other therapy. Lnfortunately, these procedures are noAV virtually obsolete, 
although there are many many thousands of individuals Avho have been made 
weU and have remained so after theii- use. That these methods should be dis¬ 
carded, beeanse in the past they were given with very poor indications and 
teel^que. is (Meult to understand. It has been onr thought that in fiUed 
eamties resection has seemed indicated; but again research does not confirm 


The argument for uddespread resection is that the patient’s future wouh 
less hazardous u all lesions mclnding "nubbins” were removed. It is als, 
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Steeiilven^ reported a few patients undergoing Isoniazid therapy, with posi¬ 
tive sputum on cultures, which could not cause disease in guinea pigs, ilaii}’’ 
other investigators have tried to produce active disease from cultures and 
caseous material after continuous long-term chemotherapy and have failed. In 
Medlar s^ few reported completed tests, guinea jiigs inoculated with consider¬ 
able material containing’ numerous bacilli failed to show evidence of disease 
six months after inoculation. In old apparently healed lesions many investi¬ 
gators think that the bacilli are dead, regardless of chemotheraiiy. 

It must be remembered that the paper of Medlar and AYelles and their 
associates,^ which started the present resection scramble, was based on theory, 
not on proved evidence. Their opinions have mostly changed now regarding 
resection, but they believed in it then and presented the paper for discussion 
and further investigation. This has been pursued by research and medical 
men, as well as surgeons. It is unfortunate that further research was not 
done before surgeons began cutting with reckless abandon. 

The question of which lesions to resect is not definitelj^ established. 
There is a wide divergence of opinion on the subject. There are those who 
blindly follow Medlar’s^ unproved hj'pothesis and resect almost all residues 
vdth or without long periods of chemotherapy. Others, floundering in the 
maze of pathologic and bacteriologic reports of our researchers, are not sure 
of the pathogenicity of these lesions and are much more conservative. 
There seems to be no disagreement that open cavities are potentially most 
dangerous. D’Esopo states that cavities not closed in six months under 
chemotherapy usually never close under this regime alone, and that if cavities 
remain open, sputum, which may be negative for months, will again turn posi- 
thm. We concur in this. Auerbach® has shown that, under chemotherapy, re- 
epithelization occurs at the bronchocavitary junction and often extends some 
distance into the cavity wall itself. The tubercle bacillus is an aeroliic 
creature. A patent bronchial junction should add to the difficulty of causing 
it to die. It is difficult to understand how an open cavity can be sterilized 
unless complete epithelization occurs. Auerbach® believes that granulation 
tissue at the cavitaiy junction, before chemotlierapy, causes a ball valve effect 
resulting in a ballooning of the cavity, and that these agents, which have 
greatest effect on surface lesions, clear the pathway and allow the cavity to 
reduce in size or close. 

Why the contents of the cavity are not expelled, under these circumstances, 
is perplexing, iledlar® states these usually contain neutrophils wliich help 
liquefy the caseous material, and allow them to flow out. He® also agrees that 
in closed lesions the physiochemical environment is probably the rca.son bacilli 
here are apparently not virulent, but he thinks that it is only an a.ssumption 
that unculturable bacilli are dead and not temporarily dormant. Ifc and others 
suggest that new culture media and animals bo used foi- e.Kj)erimciitation. 
Dubos® states that long-chain fatty acids arc powerful antimicrobial agents, and 
that these are released by lipolytic cnzymc.s, during necrosis, with resulting 
caseous material. He also states that these fatty acids, and lactic acids in low 
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KS?ECTXOX OF SESIDCAL CASEOUS LESIOXS 

ConrinuallT changing chemotherapy programs have resulted in inauy 
intermprions oi treatmenx. Oar best results and ievrer reactivations occurred 
in those who had its contianous long-period use. Jlost patients presented 
received streptomycin and PAS alone. 

Xo one at this time can know definitely the exact status oi resection in 
closed lesions. But, our researchers now inform us that it is very question¬ 
able they should be resected. They give their blessing only to its use iu open 
cavities. Time and further research must tell ns much more about its applica- 
tioa in all residues. In the meantime resection of "nubbins" goes on wiib 
total disresard of the findings of investigators. It seems verj probable that 
not much of anything is accomplished for the patient, except unnecessary 
invalidism, by this surgery. Reports of results foUowiug resection for these 
residues are meaninaless for who can teU that these lesions would have ever 
caused rurure trouble if they were not disturbedt 

The entii'e treatment of the caseous lesion at present is confusing and 
chaotic. IThen we are more enlightened, however, it seems that indiserimmate 
resection will be abandoned. Individual lemons will then, we hope, be given 
more intelligent management. 
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tiue, howevei", that a patient is better off with no surgeiy at all if he does 
not need it. This serious, painful, mental and physical experience should not 
be taken lightly. Deaths do occur from resection, as do bronchopleural 
fistulas, remaining lobes that fail to re-expand siifSciently, empyema, added 
thoiacoplasty, Schede operations, as well as early and late exacerbations of 
disease. The percentage of these occurrences is small, and they are now less 
frequently encountered. However, it is 100 per cent in those who get them. 

It is oui’ belief that it is impossible, from roentg'enograms or sputum 
studies, to linow whether a small caseous area in the center of apparently firm, 
stationaiy, fibrous tissue is hazardous. 'We can rely onlj^ on the findings of 
investigators. Thinldng of the extensive, caseous disease, which so frequently 
exists under thoracoplasty and knondng that the greater percentage of these 
patients lose their positive sputum, become well, and remain so, it is dilHeult 
to become excited over a “nubbin” encased in fibrous tissue. It frequently 
happens that more disease is found at operation than was apparent in the 
x-ray picture. Areas of so-called “satellites” often surround the “nubbin,” and 
other infiltrations, not suspected preoperatively, show evidence of previous 
disease. After long chemotherapy, the former are now much less frequently 
observed. These areas, rather than the “nubbin” itself, may actually be the 
cause of reactivations after cessation of treatment. The surgeon does not re¬ 
move all disease by wedges, segments or lobes, if disease has existed elsewhere 
previously. 

Sears or “nubbins” are present in many thousands of people throughout the 
country, and most of them are, and have been, living normal lives for years. 
Nobody thinks of hospitalizing them, and resecting these lesions, unless re¬ 
activation occurs. Lesions, after long therapy, that still appear active or 
have open cavities are not discussed here. We are primarily coneeimed with 
the stationary, apparentlj^ healed “nubbin.” Steele^^ reported about 10 per 
cent of his reactions for residuals proved to be unnecessary, but who can say 
what percentage of the remaining ones would ever reactivate? The length of 
chemotherapy treatment has been steadily increased. It is obvious that shox’t- 
term treatment was unsatisfactory. If resistance does not develop, who can 
predict what the optimal period of therapy will be before considering resection 
or other procedures? 

Since December, 1951, Ave have discharged over 600 patients after long¬ 
term chemotherapy for further ambulatory treatment in the out-patient de¬ 
partment and have Avatehed them carefully to date. Only eight have been 
rehospitalized. In this group there AAmre 176 Avho had resection alone, 79 avIio 
had thoi’aeoplasty, and 403 AA'ho had onl}' chemotherapy. Three reactivations 
occurred in the resection group, none in the thoracoplasties, and five in those 
treated medically only. Tavo of the fix-e AA-ithout surgery showed no roent¬ 
genologic increase of disease, but Avere rehospitalized because of one or tAA’o 
positive sputums. These positive sputums have not been verified after long re¬ 
hospitalization. The three reactiA'ations after resections occurred in over¬ 
distended remaining lobes. It is too early to draAv conclusions, but Ave pi-eseiit 
these figures for Avhat they may be Avorth. 



TIIE USB OF ISOXIAZID AS A PEOPHYLACTIC AKTIBACTEEIAL 
AGENT IN PULilONARY EESEGTION FOR TUBERCULOSIS 


PKELiiiiXART Report 

liLvx E. Childress, il.D. (by invitation), :\Iildked E. Thoren, il-D. (by- 
invitation), .vnd Albert C. Daniels, I*I.D. (by invitation) 
YYiai-ir, C-vuf. 


INTRODUCTION 

T he advent of autiiuicroliial therapj* has widened the scope of pidinouaij 
resection in tnhercnlosis. However, prolonged usage and injudicious 
application of these agents, especially streptomycin, have created limitations. 
These are manifested by postoperative complications due to the development 
of resistance by the tubercle bacillus. It became apparent that the hazards 
of surgery were increased when such a state did develop. Thus, patients were 
denied the surgical procedure which might well have returned them to a useful 
place in society. 

The introduction of a new suitable agent for protection during excisioual 
therapy was needed to increase the salvage rate in pulmonary tuberculosis. 
It follows that such an event would aUow the prolonged use of streptomycin 
and para-aminosalicylic acid nuthout fear of the development of resistant 
strains of tubercle bacilli to these agents. 

Published results of the investigations as to the effect of Isoniazid 
(isouicotinic acid hydrazide) on experimental tuberculosis have revealed the 
folloinug: (1) tuberculostatic and tnberculoeidal action in vitro,^ (2) marked 
antitubereidous acti\*ity in vivo,^’ - (3) healing of progressive tuberculosis in 
guinea pigs caused by tubercle bacilli resistant to streptomycin and para- 
aminosalieyUc acid,^ and (4) low drug toxicity.'*’ ^ 

"When the suppressive effect of Isoniazid on human pulmonary tuberculosis 
was demonstrated,®’ • it was felt that tliis drug warranted a clinical trial as a 
prophylactic antibacterial agent for pulmonary resection in tuberculosis. 
Accordingly, the following study was luidertaken. 


AIETHOD OF STUDY 


1’ ollowiug the recommendation for puhnonaiy resection, the patients on the 
present series were accepted for Isoniazid therapy in consecutive order. No 
attempt at case selection was made. 

A mmimum period of two montlis from the time of operation was arbitrarUy 
choseu to note the appearance of po.ssible surgical complications while on 
Isoniaz id therapy. The medication was commenced forty-eight hours prior to 
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to do, no figuies, no atatistics—and can onjj that the percentages nlueli Dr. O’Buen 
mentioned (and verj thoughtfully did not shon on the scieen) agiee lery closely mth 
ouis. The numbei of rccuriences after resection is lejy small, and the number of 
lecuriences in a senes tieated mth chemotheiapy and then sent home iiheu tieatiueut I'as 
stopped nith no lesection is just about the same. So ne do not hnon. 

I ha\ e been inteiested chiedy in one featuie of this question on nhich I might gi'c 
Dr. O’Brien a figure; that is tieatmeiit of minimal tubpiculosis. Be Inue a siimll sciies 
01 ei the years, and have non opeiated on betneen M and oO patients nith minimal 
tubeiculosis and resected the lesions that i\e could had Di. O’Biieii ashs, “Hon do you 
know that those people did any better than if you had not lesected thorn!” Be haio only 
one liguie to go on; that is the statistics biought out by Di. Bobeit ATitchell thiee oi 
four years ago on minimal tubeiculosis. Mind you, this is not moderately oi far 
advanced tuberculosis tieated and biought back to a small sliadon This is original 
minimal. In a laige senes in ovei tirenty five yeais, 35 per cent of them relapsed, among 
the 40 or 50 patients ne haie tieated so fai, no single one has lelapsed and I still think 
it IS worth try ing if that much improvement can be attained. 

I congiatulate Dr. O’Biien on pieseuting his chaos. 

DR JOSEPH GOEDOH, Ray Brook—I sliould also like to evpress my appieeiation 
of Di O'Brien's paper and tell you about tom pegs that ue are pinning up as a cuireiit 
concept for the indications for resection uith combined chemotheiapy 

Fust, enough ex.peiieuce has been gamed thus fai to indicate that the open caMty 
4 cm. 01 laigei fails to lespond to combined theiapy in a sulhoient numbei ot cases to make 
this, as a single measuie of tieatment, leasonable. These patients, on the other hand, aie 
the ones fiom whom resistant organisms emerge, and ue are ultimately obliged to tn to 
sahage such patients in a pooier state -nlien the chemotheiapeutic agent is not neaih so 
effective. 

Second, we recognize that theie die ceitain patients uho shou lathei marked tovio 
leactiou to the diug lelatiiely eaily, -nhose compensatoiy meehanisins, such as eyes and 
eais, neuromuscular, and caidioiascular systems, aie ongmally' impaired. They appear 
to shou marked changes early, and should not be earned on a longterm chemotherapontic 
program. 

The third group, which is a relatnely small one, but lias the possibility of increasing 
as chemotherapy^ alone in unsuccessful eases goes on, is the group of patients uho come to 
us uith priiuaiy^ resistant organisms In that group, of course, piolonged therapi, e\cn 
with the addition of another agent, is not comiuonh successful, so that they might he 
approached relatively early uith resection 

In the fourth group, lacking long teim follow up data, include'^ the residual necrotic 
lesion that is perhaps 3 cm in size or huger B'e can diau on certain past experiences, as 
Dr O’Biieu has done i\ith other forms of treatment The solitari lesion under pneuino 
thorax and under thoracoplasty often shous a good initial result, remaining negitno in a 
fair number of instances Others are seen to shell out uitli the lesiilt that a positi'e 
sputum and spread might occur. In such a group ot cases, under chemotherapi, there m 
a reasonable prospect of the emergence of resistant organisms; therefore the patient uill 
bo handicapped as regards future treatment Such foci then are best treated In resectmn 
despite the faiorable chemotherapeutic initial result. 
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of the streptomycin-resistant patients had received previous treatment with 
streptomycin and para-aminosalieylic acid. The exception was a young girl 
who probably was exposed to an open case of pulmonary tuberculosis which had 
been treated with streptomycin. 

SPUTUM 

The tracheobronchial secretion was considered to be positive'^ for acid-fast 
bacilli preoperatively in fifteen patients and negative! in eight. Of the eight 
negative sputum cases, two were indeterminate lesions preoperatively and the 
diagnosis was in doubt. In both of these acid-fast bacilli were demonstrated 
in the resected specimen. The remaining six patients were advised to have pul¬ 
monary resection because the stability of their lesions seemed unlikely, even 
though their sputum was negative. 

OPERATIVE PROCEDURE 

Operative technique is a secondary consideration in the present study. 
However, a few sentences will assist in clarifying the prophylactic objective 
sought by means of the use of Isoniazid. The classification of operations is: 


1. Pulmonary resection 23 

a. Pneumonectomy 1 

b. Lobectomy 8 

e. Lobectomy and segmental resection 5 

d. Segmental resection 5 

e. Subsegmental resection 4 

2. Concomitant thoracoplasty 3 

3. Eesection under thoracoplasty 12 


The primary aim in operative technique was to conserve as much 
parenchyma as possible. This principle involved dissection close to the pal¬ 
pable and visual residual disease. 

PLEUK.4L CONTAMINATION 

Bronehiogenic tuberculosis may begin as a segmental or subsegmental 
disease. It may soon lose its respect for anatomic boundaries. As the inflam¬ 
mation progresses intersegmental planes may be penetrated and passed. Thus, 
not infrequently portions of the adjacent segments need also to be excised. 

While following the diseased process through the pulmonary parenchyma 
a suppurative area is easily inadvertently punctured. Therefore, while attempt¬ 
ing to perform a segmental resection for disease that has partially involved an 
adjacent segment an escape of purulent material is not unlikely. 

A critical observation was made for gross visible pleural contamination. 
If a drop of puriflent material was spilled, the pleural cavity was considered 
contaminated. If in the severance of diseased tissue caseation necrosis was seen 
the pleural space was likeivise considered contaminated. Eleven of the twenty' 
three c ases had gross pleural contamination. Unquestionably, if larger volumes 

preope?atlvely!"‘''' Positive by smear, concentrate, or culture four months 

tNegative by culture four months preoperatively. 
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operation. It ivas aclmiiiistered orally in the dosage of 200 lug. per day or 3 
mg’, per kilogram of bodj^ weight. During the immediate postoperative phase 
when the patient was unable to tolerate oral intake, Isouiazid was given intra¬ 
muscularly,in the same dosage. It Avas then recommenced by the oral route 
at the appi’opriate time. The original plan included an attempt to diminish 
copious tracheobronchial secretions instituting Isouiazid therapy tAVo Aveeks 
prior to surgery. No such problem arose during the present intei’Aml of ob¬ 
servation. HoAvever, consideration for this modification of drug- tliei'a];}’’ 
seems Avorthj'-, as the Amlume of tracheobronchial secretion has been noted to 
decrease during Isouiazid therapy. 

The efficiency of Isouiazid Avas to be measured by the number and extent 
of postsurgical complications due to tuberculosis. Thus, the object of this 
essay is to answer tlie question, “Does Isouiazid afford adequate antibacterial 
lirotection during the operative period and for a minimum postoperative 
period of tAvo months against the tubercle bacillus?” 

PROCEDURE 

During the interA''al from Oct. 13, 1952, to Jan. 26, 1953, tiventy-six pul¬ 
monary resections Averc performed. The medication under discussion Avas used 
on these patients in rotation. Three of the above tAventy-six Avere excluded from 
the series because they liad received a previous course of Isouiazid. It Avas 
presumed that their tubercle bacilli AA'ere resistant to Isouiazid. 

We are presently concerned AA'ith tAventy-three operations on tAventj'’-threc 
patients. These patients ranged in age from 15 to 61 years. Of the tiveuty- 
six, tAvelve of the patients Avere Avomen and eleven Averc men. 

The indications for pulmonary resection in this group approximate that 
seen in the current literature. In general, the indications fall into the folloAV- 
ing patterns: (1) thoracoplasty failures; (2) residual disease after prolonged 
antitubereulosis therapy; (3) negath'e sputum Avith residual disease, as noted 
by roentgenogram, AAdiieli is not likely to remain stable; and (4) negative 
sputum, indeterminate pulmonary lesions. 

It should be understood that the listed surgical indications apply only to 
the group under observation. They are not meant to represent a complete 
discussion of the criteria for pulmonary resection in tuberculo.sis. 

PREOPER.VTIA'E ANTITUBEKCULOSIS MEUIC.ATION 

As AA'ould be expected the majority of the tAventy-three had had anti¬ 
tubereulosis medication before surgeiy. Tiventy had received a minimum of 
one and a maximum of three courses of streptomycin and para-aminosalicylic 
acid. AVithin this group, tAA’o had recehmd thiosemicarbazone. One patient, of 
the tAventy-three, had received para-aminosalieylic acid alone. Tavo had not had 
any antimicrobial therapy. 

.STREPTOMYCIN SENSITIATTY 

The tubercle bacilli of eight of the tAA'enty-tliree patients aattc resistant to 
streptom.A-cin. Three Avere completely resistant to 100 /xg, tAA-o to 10 /ig. Seven 
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of the streptomycin-resistant patients had received preidous treatment with 
streptomycin and para-aminosalicylic acid. The exception was a young gu-l 
who probably was exposed to an- open ease of pulmonary tuberculosis which ha 
been treated ivith streptomycin. 

SPOTun 

The tracheobronchial secretion was considered to be positive*' for acid-fast 
bacilli preoperatively in fifteen patients and negative! in eight. Of the eight 
negative sputum cases, two were indeterminate lesions preoperatively and the 
diagnosis was in doubt. In both of these acid-fast bacilli were demonstrated 
in the resected specimen. The remaining six patients were advised to have pul¬ 
monary z’eseetiou because the stability of their lesions seemed unlihelj, even 
though their sputum was negative. 

OPEKATHU; procedure 

Operative technique' is a secondary consideration in the present studjL 
However, a few sentences -will assist in clarifying the prophylactic objective 
sought by means of the use of Isoniazid. The classification of operations is: 


1. Pulmonary resection 23 

a. Pneumonectomy 1 

b. Lobectomy 8 

c. Lobectomy and segmental resection 5 

d. Segmental resection 5 

e. Subsegmental resection 4 

2. Concomitant thoracoplasty 3 

3. Resection xmder thoracoplasty 12 


The primary aim in operative technique was to conserve as much 
parenchyma as possible. This principle involved dissection close to the pal¬ 
pable and idsual residual disease. 

PLEUR-AL CONTAMINATION 

Bronchiogenic tuberculosis may begin as a segmental or subsegmental 
disease. It may soon lose its respect for anatomic boundaries. As the inflam¬ 
mation progresses intersegmental planes may be penetrated and passed. Thus, 
not infrequently portions of the adjacent segments need also to be excised. 

While foUoiving the diseased process through the pulmonary parenchyma 
a suppurative area is easity inadvertently pmictured. Therefore, while attempt¬ 
ing to perform a segmental resection for disease that has partially involved an 
adjacent segment an escape of purulent material is not unlikely. 

A critical observation was made for gross visible pleural contamination. 
If a drop of purulent material was spflled, the pleural cavity was considered 
contaminated. If in the severance of diseased tissue caseation necrosis was seen 
the pleural space was likeivise considered contaminated. Eleven of the twenty' 
three c ases had gross pleural contamination. Unquestionably, if larger volumes 

Preope’SiSy."^^ ” Int.rmitWnt.y positive by smear, concentrate, or culture four months 

tXer-.-.five by culture four months preoperatively. 
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opomlioii. It Aviis admiiiislerud orally in the dosage of 800 lag. per day or 0 
lag. per kilogram of body weight. Daring I he immediate po.stoperative phase 
when the patient was unable to tolerate oral intake, Isoniazid \ras given intra¬ 
muscularly Ju the same dosage. It was then recommenced by the oral route 
at the ap[)ropriate time. 'I'he original plan included an attcmiit to diminish 
copious traeheobrouchial secretions by instituting Isoniazid therajiy two weeks 
prior to surgery. No such problem arose during the present interval of ob¬ 
servation. However, eonsideration for this modification of drug therapy 
seems worthy, as the volume of tracheobronchial secretion has been noted to 
decrea.se tluring Isoniazid thei’apy. 

The efiicieney of Jsoniazid was to be measured by the number and extent 
of postsurgieal complications duo to tuberculo.sis. Tlui.s, the object of this 
essay is to answer the question, “Does Isoniazid afford adequate antibacterial 
protection during the operative period and for a minimum postoperative 
period of two months against the tubercle bacillusf' 


PROCEDURE 

During the interval from Oct. 13, 1952, to Jan. 20, 1953, twenty-six pul¬ 
monary resections were jierformed. The medication under discu-ssion was used 
on these patients in rotation. Three of the above twenty-six were excluded from 
the scries because they had received a previous course of Jsoniazid. It was 
presumed that their tubercle bacilli were resistant to Jsoniazid. 

Wo are iircscntly concerned with twenty-three ojierations on twenty-three 
patient.s. These patients ranged in age from 15 to 01 years. Of the twenty- 
six, twelve of the patients were women and eleven were, men. 

The indications for pulmonary resection in this group approximate that 
seen in the current literature. Jn general, the indications fall into the follow¬ 
ing patterns; (1) thoraeo[)lasty failures; (2) residual di.sea.se after prolonged 
antitubercuiosis therapy; (3) negative simlum with residual disease, as noted 
by roentgenogram, which is not likely to remain stable; and (4) negative 
.s|)utum, indeterminate pulmonary le.sions. 

ft should be understood that the listed surgical indications apply only to 
the group under observation. They are not meant to rej)resent a eomplele 
diseu.ssion of the criteria for iiulmonary resection in tuberculosis. 


PREOPKRATIVE ANTirUIlERCULOSI.S .MEDICATION 

As would 1)0 expected the majority of the twenty-three had had anti- 
tiibereulosis medication before surgery. Twenty had received a minimum ot 
one and a maximum of three courses of streptomycin and pai'a-aminosalicylie 
acid. Within this grou|), two had received Ihioscmicarbazone. One patient, oi 
the twenty-three, had received [)ai-a-amino.salieylic acid alone. Two had not had 
any antimicrobial tlieraj)y. 


.STREPTO.MYCIN SENSITIVITY 

The tubercle bacilli of eight of the twenty-three patient.s were resistant to 
streiitomycin. Three were completely resistant to 100/xg, two to 10/xg. Seven 
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of the streptomycin-resistant patients had received previous treatment with 
streptomycin and para-aminosalicylic add. The exception ivas a, young giid 
who probably was exposed to an- open case of pulmonary tuberculosis which had 
been treated with streptomycin. 

SPUTUil 

The tracheobronchial secretion was considered to be positive* for acid-fast 
bacilli preoperatively in fifteen patients and negative! in eight. Of the eight 
negative sputum cases, two were indeterminate lesions preoperatively and the 
diagnosis was in doubt. In both of these acid-fast bacilli were demonstrated 
in the resected specimen. The remaining six patients were advised to have pul¬ 
monary resection because the stability of their lesions seemed unlikely, even 
though their sputum was negative. 

OPER.ATIVE PROCEDURE 

Operative technique is a secondary consideration in the present study. 
However, a few sentences will assist in clarifying the prophylactic objective 
sought by means of the use of Isoniazid. The classification of operations is: 


1. Pulmonary resection 23 

a. Pneumonectomy 1 

b. Lobectomy 8 

c. Lobectomy and segmental resection 5 

d. Segmental resection 5 

e. Subsegmental resection A 

2. Concomitant thoracoplasty 3 

3. Eeseotion under thoracoplasty 12 


The primary aim in operative technique was to conserve as much 
parenchyma as possible. This principle involved dissection close to the pal¬ 
pable and visual residual disease. 


PLEURAL CONTAMINATION 

Bronchiogenic tuberculosis may begin as a segmental or subsegmental 
disease. It may soon lose its respect for anatomic boundaries. As the inflam¬ 
mation progresses intersegmental planes may be penetrated and passed. Thus, 
not infrequently portions of the adjacent segments need also to be excised. 

"While following the diseased process through the pulmonary parenchyma 
a suppurative area is easily inadvertently punctured. Therefore, while attempt¬ 
ing to perform a segmental resection for disease that has partially involved an 
adjacent segment an escape of purulent material is not unlikely. 

A critical observation was made for gross visible pleural contamination 
If a drop of purulent material was spiUed, the pleural cavity was considered 
eontamuia eel. If in the severance of diseased tissue caseation necrosis was seen 
the pleural space was likemse considered contaminated. Eleven of the twenty’ 
Upases had gross pleural contamination. Unquestionably, if larger voluni 

preope'afy!''"^ Intermittently positive by emear. concentrate, or culture four months 

tNegative by culture lour months preoperatively. 
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operation. It was administered orally in the dosage of 200 mg. per day or 3 
mg. per kilogram of body weight. Diix-ing the immediate postoperative phase 
when the patient was unable to tolerate oral intake, Isoniazid was given intra¬ 
muscularly,in the same dosage. It was then recommenced bj’ the oral route 
at the approj)riate time. The original plan included an attemj)t to diminish 
cojiious tracheobroneliial secretions by instituting' Isoniazid therapy two weeks 
prior to surgery. No such problem arose during the present interval of ob¬ 
servation. However, consideration for this modification of drug therapy 
seems worthy, as the volume of tracheobronchial secretion has been noted to 
decrease during Isoniazid therapy. 

The efficiency of Isoniazid was to be measured by the number and extent 
of postsurgical complications due to tuberculosis. Thus, the object of this 
essay is to answer the question, “Does Isoniazid afford adequate antibacterial 
protection during the operative period and for a minimum postoperative 
period of two months against the tubercle bacillus?” 

PROCEDURE 

During the interval from Oct. 13, 1952, to Jan. 26, 1953, twenty-six pul¬ 
monary resections were performed. The medication under discussion was used 
on these patients in rotation. Three of the above twenty-six were excluded from 
the series because they had received a previous course of Isoniazid. It was 
presumed that their tubercle bacilli were resistant to Isoniazid. 

We are presently concerned with twent 3 ’’-three operations on twenty-three 
patients. These patients ranged in age from 15 to 61 years. Of the twenty- 
six, twelve of the patients xvere women and eleven were men. 

The indications for pulmonary resection in this group approximate that 
seen in the current literature. In general, the indications fall into the follow¬ 
ing patterns; (1) thoracoplasty failures; (2) residual disease after prolonged 
antituberculosis therapy; (3) negative sputum with residual disease, as noted 
by roentgenogram, which is not likely to remain stable; and (4) negative 
sputum, indeterminate pulmonarj’ lesions. 

It should be understood that the listed surgical indications applj" only to 
the group under observation. Thej' are not meant to represent a complete 
discussion of the criteria for pulmonary resection in tuberculosis. 

PKEOPERATIVE .XNTITUBEKCULOSIS MEDICATION 

As would be expected the majority of the twenty-three had had anti- 
tuberculosis medication befoi'e surgery. Twentj’’ had received a minimum of 
one and a maximum of three courses of streptomj’cin and para-aminosalicylic 
acid. AVithin this group, two had received thioscmicarbazone. One patient, of 
the twenkv-three, had received jiara-aminosaliexdie acid alone. Two had not had 
any antimicrobial tliorapy. 

.STREPTOM YCIN SENSITIVITY 

The tubercle bacilli of eight of the twenty-three patients were resistant to 
Streptomycin. Three were completely resistant to 100/«g, two to lOftg. Seven 
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Pis. 2.—I. C. Age 44 years. There was pleural contamination. The diagonal lines 
represent flbrocaseous tubercuiosis with cavitation, tuberculous bronchitis, and pulmonary 
flbrosis; broken lines tlie resected parenchjTua. 



tubercmous-brJncWtis.‘b®rok?n iintl^he°4®ec?ed mch™?aand 
The patient was streptomycin reslst^t (I ^g). Eleural contamination occurred. 
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of parenchyma had been resected, the incidence of pleural coutainination would 
ha^ e been less. But, such action would have defeated the principle of pulmonary 
tissue conservation. These latter cases will be considered in more detail. 

CASE REPORTS 

Case 1 . —J. H., an IS-jeai old girl, had never had a sputum positno for acid fast bacilli 
Preoperatne therapy consisted of pneumopeiitoueuni, streptomjcm, and paia amiiiosalievlic 
acid on a presumpti\e diagnosis of tuberculosis. A hbrocaseous nodule uas resected from the 
apical segment of the right uppei lobe. It eoutaiiicd acid-fast bacilli on smear, but thei 
failed to grow in culture. A small amount of suppiiiatue mateiial contaminated the pleuial 
cavity at operation. The postoperatne eouise uas uneieiitful, and the sputum has remained 
iiegatii e for acid fast bacilli bj cultural methods. The histologic diagnosis of the resected 
specimen uas fibrocaseous tubeiculosis. 



Fig 1—J H. Age IS >ears Theie uas pleural contamination The diagonal lines repre¬ 
sent fibrocaseous tuberculosis. broken lines, the resected parenchyma 

Case 2.—I. C., a IS jear old woman, had a peisistentlj positiie sputum tor acid fast 
bacilli. She had faradiaiiced bilateral disease. Pieoperatne theiapj consisted of piieumo 
peritoneum, thoracoplasty, streptomycin, and para amino-alicylie acid. The right lung with 
the e\ception ot thiee basal segments was excised. Caseous material escaped when the medial 
basal segment was lemoied. The postoperatne course was complicated by jaundice during the 
eighth postoperatiie week. This was considered to be homologous serum in type and she has 
recovered from it. The postoperatne sputum is negatne for acid fast bacdli by cidtuie. 
Histologically the lesion was fibrocaseous tuberculosis with caiitation, tuberculous bronchitis, 
and pulmonary fibrosis. 

CtSE 3.—T. K., a 23 year old woman, had moderately adianced bilateral disease and 
a negative sputum. Preoperatne therapy consisted of piicumopcritoneuin, streptomycin, and 
para aminosalicylic acid. The patient underwent .in anterior segmental reseitioii of the left 
upper lobe. Suppuratne material contaminated the pleural sp.n e Smear from tins lesion 
was positne for acid fast bacilli, but the culture was negatne Streptomycin resistance 
to 3 pg was present The postoperatne course w.is complicated by homologous serum j.iunclne 
The sputum remained nesgatne by eultuial methods The histologn di.ignosis inihidul tibro 
c.iseous tuberculosis .iiicl tubcrc'ulous bronchitis. 

^_ys Y 26 \car old woman with a uesgatne sputum, underwent .i subscgiin iit.il 

resection of the posterior segment of the right upper lobe. Preoperalndy pneumoiieritoiieum. 
streptomycin, ami para aminosalicylie .aeid were lused therap.mtnally for minimil unilateral 
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plasty, streptomyem, and paxa-ammosalicylie acid for unilateral far-advanced ^ ® 

apical posterior and anterior segments of the left upper lobe and the superior se^ent of the 
Irft lower lobe were excised. Suppurative material escaped into the pleural cavity at oper 
tion Postoperatively the patient’s course was complicated by a persistent fever whmh 
responded satisfactorily to penicillin and Terramycin. The cause of this fever remains 
obsLre. Sputum studies reveal the persistence of aeW-fast bawUi. Histologically the lesion 
was fibrocaseous tuberculosis with tuberculous bronchitis and cavitation. 



/ 



g.—^V. P. Age 61 years. Patient had diabetes millitus. Diagonal lines represent 
fibrocaseous tuberculosis with tuberculous bronchitis and cavitation; broken lines, the resected 
parenchyma. Pleural contamination occurred. 



9:^. years. Diagonal lines represent fibrocaseous tuberculosis and 

our?Pd ’ broken lines, the resected parenchyma. Pleural contamination oc¬ 

curred. The patient was streptomycin resistant (100 /ig). 



Case 7.—B. G., an 18-year-old girl, had minimal unilateral disease with a positive 
sputum. She had had no preoperative therapy yet the tubercle bacilli were completely re¬ 
sistant to streptomycin to 100 /ig. A right superior segmental resection was done and a 
blocked cavity inadvertently opened. The postoperative course was marked by persistent fever 
and a local accumulation of duid opposite the resected segment. The fever gradually sub¬ 
sided to normal under the influence of peniciUiu and Terramycin. The pleural fluid as noted 
by a roentgenopam, is clearing. Sputum is negative to concentrate, but the culture has not 
rrcnNiiGs“““^ Histologically the lesion is fibrocaseous tuberculosis with tuberculous 
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disease. Suppurative material from a blocked cavity escaped duriug operation. Histologically 
the disease uas fibrocaseous tuberculosis and pulmonary fibrosis. Tlie postoperative course 
was benign and the sputum remains negative to culture. 




Fig. 4.—^N. Y. Age 26 years Diagonal lines represent fibrocaseous tuberculosis and marked 
pulmonary fibrosis; broken lines tlie resected parenchyma. Pleural contamination occurred. 



Pig 5.—D C. Age 46 years. Preoperative thoracoplasty. Diagonal lines represent 
airless lung with fibrocaseous tuberculosis: broken lines, the resected parenchyma: dots, 
scattered nodular disease. Pleural contamination occurred The patient was streptomycin 
resistant (10 pg). 

CtSE o.—D. C., a 46-jearold woman, had faradiaiiced bilateral pulmonary disease. 
The sputum was negative preoperatively. Therapy before operation consisted of pneumo 
peritoneum, phrenic crush, thoracoplasty, and seteral couises of streptoinjein and para .iinino 
salicylic acid. Stretopmjciii resistance was present to 10 gg. The left lung was excised 
with the exception of the basal segments. Suppuratiic contamination of the pleura occurred. 
Acid-fast bacUli were demonstrated in the contaniinatiiig exudate and grew on culture. Post- 
operatne course was benign and the sputum rciiiaiiis negatiie to culture. Histologic diagnosis 
was fibrocaseous tuberculosis. 

Case 6._^V. P., a 61-year old man, had diabetes inellitus. Sputum had been persistently 

positive for acid-fast bacilli. Preoperative thenipy consisted of pneumoperitoneum, tlioraco 
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of the midaje lobe was compronBsed. It was necessary to excise 

oostnoerative period was uneventful, and the sputum is non negative bj cidtuxe. Histo 
bgicfuy the dlease was classified as fibroeaseous tuberculosis ivith tuberculous bronchitis and 

cavitation. 



jo,g 10 _K. Age 23 years. Diagonal lines represent fibroeaseous tuberculosis witb 

tuberculous bronchitis: broken Imes. the resected parenchyma. The patient was streptomycm 
resistant (3 pg). Pleural contamination occurred. 


Case 10.—^K. K. This 2S-jcar-old woman had bilateral far-advanced disease with a 
persistently po=iti\e sputum. A cavity was opened during the process of a right upper 
lobectomy and couconiitaut thoracoplasty. Preoperative therapy consisted of pneumo¬ 
peritoneum, streptomycm, aud para ammosalicylie acid. Streptomycin resistance to 3 lig was 
present. Postoperative phase was uneventful and the sputum is negative to culture. 




diagonal lines represent fibroeaseous tuberculosis with 
Scattered dissemination and chronic granulomatous pleuritis; dots. 

c «\'■^1 disease, broken lines, the resected parenchvma concomitant 

Sclieae thoracoplasty ,s not shown.) The patient w£ st^eptomj'cin r^istan?“iM 


L.VSI, 11.—E. D. This 31-iearohi man had far adwaiiced di^eti^c which was bilateral. 
Also pri-seiu w.is an ipsilateral, draining, mixed tulierculom, empiema. Previous therapy con¬ 
sisted of pnoumotliorax, pueumopentoiieuni, phrenic crusli, tlioracopl.asty, caieniostomv 
streptomicm, aud para ammosalicilie acid. Streptomycin resistance was complete to lOOa'rr’ 
A right upper lobc-ctom\ .and concomitant modified Schede thoracoplasty were done. The 
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Case 8. G. G., a. 32 jeai old woman with a positive sputum, liad an apical posterioi 
segmental resection of the left upper lobe. Preoperatiie treatment consisted of phrenic 
crush, pneumopeiitoneum, and paia aminosalicylic acid for unilateral moderately adianced 
disease. Caseous mateiial was exposed at operation. The postoperative course was benign. 
Sputum studies show a negative concentrate, but the cultuie is not completed Tiie histologic 
diagnosis IS fibiocaseous tuberculosis. 



/ N 



Pigr 8—G G Age 32 years Diagonal lines represent flbrocaseous tuberculosis, broken lines, 
resected parenchyma Pleural contamination occurred 



Fig 9—M D C \ge 11 sears Diagonal lines represent flbrocaseous tuberculosis 
with tuberculous bronchitis and cavitation broken lines, the resected parenchyma Pleural 
contamination occurred 

CvSt 9—M. D C. Tins 33 year old woman had a coincident condition of neuro 
tibroniatosis (von Kockliiigh.iU'Oii’s disCTse) She had far advanced bilater.il disease with a 
contralateral healed, mixed tiibenuloms empyema Sputum had been persistently positive 
Preoperative therapy loiisisted of a left pneumothorax, left thoracostomy, pneuiiioperitoiicum, 
streptomycin, para ammo-ilicylie acid, and tliiosemicarb t,i:oue I siibsegniental resection of 
the posterior and anterior segments of the right upper lobe exposed the interior of a canty 
During expO'.ure of the lesion through inflammatory tissue the bronchus to the 1 itcral segment 
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coxctrsioxs 

The question asked earlier in the disenssion, "Docs Isouiazid afford adequate 
antibacterial protection during the operative period and for a uuninnun post- 
ouerative period of two months against the tubercle baeillusi ' may be answeied 
in the amrmative. This implies proper timing of the medication so that its 
ueriod of action is before the bacterial organisms become i-esistant to Isoniazid. 

SUMALAKY 

1. Twenty-three patients undergoing pulmonary resection for tuberculosis 
were administered Isoniazid as the prophylactic antibacteiial agent during the 
operative period and postoperatively for a minimum of two months. The 
efficiency of the drug was measured in terms of postoperative complications due 
to tuberculosis. 

2. The postoperative complications are presented. 

3. It is concluded that Isoniazid is a satisfactory piuphylaetie anribacterial 
agent for pulmonary resection in tuberculosis. 


KEFEEESCES 

1. Steenkea. tV., Jr., ane BoUuskr, E.: AnsinibexoTaloiiS Properties or Hvilraziiies of 

Isoaicoriiiie. Acid (Einiifoa, Marsilid), Am. Kev. Tuberc. 65: Silo, ISioi 

2. Bernstein, X, Lott, tV. A., Steinberg, B. A., and Ta!e, "A. 1_: Cneniotberapv of Es- 

perimental Tubercolosis. Isonicotiaic Acid Hydiazide (Xydrazid) and Belated 
Compounds. Am. Bcv. Tuberc, 65: 357, ISioi 

3. KarUon, A. G., and Feldman. W. H.: Isoniazid in Experimental Tubereulosis of 

Guinea Pigs Infected IVith Tubercle Bacilli Eesistant to Streptomycin and to 
Para Aminosalicylic Acid, Am. Bev. Tuberc. 66: 477,1P52. 

4. Elmendori, DuAL P., Jr., Cawtbon, W. V., Mucbenlieim, C., and ilcDeriaott, TT.: The 

Absonirion, Biitribution, Excretion and Short-Term Toxicity of Eoaicotinic Acid 
Hydrazide (Eydrazid) in ilaa. Am. Bev. 65: 42P, 1P52. 

5. Bubin, B., Hassert, G. AT., Jr., Thomas. B. G. H.. and Burke, J. C.: Pharmacology of 

Isonicotiaic Acid Hydrazide (Atydrazid), Am, Bev. Tuberc, 65: 3P2, 1952. 

6. Bobitzek, E. H., SelikoS, L J.. and Omstein, G. G.: Cliemotherapy of Human Tuber¬ 

culosis With Hydrazine Derivations of Isonicotiaic Acid, Qnart. Bulk Sea Tiew 
Hosp. 13: 27, IPoi 

7. Bobitzek, E. H.. and SelikoX L J.: Hydrazine Derivative of Isoaicotinic Acid 

(Eimifoa, Alarsilid) in the Treatment of Active Progressive Caseous-Pneumonic 
Tuberculosis. .4. Preliminary Beport. Am. Bev. Tuberc. 65: 402,1952, 

S. Ginzburg, AL D., Sussman, E X., and Auerhan, H.: Post transfusion al Viral Hepatitis 
as a Surgical Complication, Surg., Gyaec. & Obst. 92: 492, 1951. 

9. Aledlar, E. AL, Bernstein, S., and Stewart, AI. D.: A Bacteriologic Study of Eesected 
Tuberculous Lesions, Am, Bev. Tuberc. 66: 36, 1952. 

1". Thoren, AI., and Hinshaw, H. C.: Therapy of Pulmonary Tuberculosis With Eoniazid 
.\loue and in Combination With Streptomycin and With Para Aminosalicvlic 
.Acid, Stanford AL Bull. 10: 316, 1952. 


niSCUSSlOX 

DE. E. J. O'BKIEX, Detroit.—I am particularly allergic to the pathologic reports 
we get routinely. A^ou will notice that every one of these slides w.as labeled dbro- 
cascous tuberculosis. How much w.as librous and how much was c-aseous is not answered. 
This is very, very import.ant. 

If there is a lot of fibrous tissue surrounding a smaU area of caseation, it pre-cats 
a diflercnt problem than a lot of caseation in a small thin capsule of dbrou- ti-sue' and 
I do hope that our pathologists will be mote accurate in their interpretation- in the 

lUtUTO, 
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lateral margin of the empyema communicated with the free pleural space at the end of the 
operation. Postoperative sputum is negative by culture and the empyema space is epithelized. 
Histologic diagnoses include librocaseous tuberculosis ^vith tuberculous bronchitis and miliaiy 
dissemination, tuberculous sinus tract of the skin, and granulomatous pleuritis. 

DISCUSSION 

The clinical evaluation of a drug is difficult to perform with exactness due 
to the many variables and lack of complete control. However, certain trends 
become apparent. The fact that there were no complications attributable to 
tuberculosis indicates that Isoniazid did,-indeed, play the role of a propliylaetic 
agent. 

The bacteriologic studj^ of the resected specimens was commenced late m the 
initially described time interval. Of the twenty-three specimens, three were 
positive bj^ smear and negative by culture for acid-fast bacilli, four were positive 
to both smear and culture, one was negative to smear vdth unfinished culture, 
and fifteen were not examined. Included in the group of positive smear and 
positive culture are specimens from the two patients who had not received 
preoperative streptomycin and para aminosalicylic acid. 

No analyses or conclusions were attempted from such a small series. The 
apparent inconsistencies of smear and cultural examinations of resected lesions 
are well recognized. Medlar” speculates that these discrepancies are due to: (1) 
antimicrobial therapy resulting in dead organisms, (2) biochemical properties 
of the necrotic lesion resulting in dead organisms, and (3) insufficiently sensitive 
cultural methods. 

Bacterial resistance to Isoniazid develops in approximately two to three 
months.^® After resistance has developed, it is liliely that the prophylactic 
antibacterial effect would be greatly’- diminished or lost. However, that was 
neither proved nor disproved by the work in this study. 

Following the pattern of streptomycin, it is becoming increasingly difficult 
to find a patient who has not had a course of Isoniazid. Such a state may 
jeopardize the future of patients needing a pulmonary resection. It is suggested 
that Isoniazid be withheld from eases in which a pulmonary resection may 
be necessary in the future. 

RESULTS 

Tweuty-thi’ee pulmonaiy resections for tuberculosis were completed on 
twenty-three patients. 


T^vexty-thbee Pcemoxary Resection's 

Postoperative nontuberculous complications 5 

Homologous serum jaimdice 2 

Chest wall abscess 1 

Local accumulation of pleural fluid 1 

Persistent fever, unknown origin 1 

Postoperative t uberculous complications _ 0 _ 

There were no bronchopleural fistulas, no tuberculous empyenmta, no con¬ 
tralateral spreads, or reactivation of previously quiescent disease. In one case, 
the contralateral active disease improved as noted by roentgenogram. 
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CONCLUSIONS 

The question asked earlier in the discussion, "Does Isoniazid afford adequate 
antibacterial protection during the operative period and for a minimum post¬ 
operative period of two montlis against the tubercle bacillus?'’ may be answered 
in the affirmative. This implies proper timing of the medication so that its 
period of action is before the bacterial organisms become resistant to Isoniazid. 

SUMMARY 

1. Twenty-three patients undergoing pulmonary resection for tuberculosis 
were administered Isoniazid as the prophylactic antibacterial agent dui'ing the 
operative period and postoperatively for a minimum of two months. The 
efficiency of the drug was measured in terms of postoperative complications due 
to tub&culosis. 

2. The postoperative complications are presented. 

3. It is concluded that Isoniazid is a satisfactory prophylactic antibacterial 
agent for pulmonary resection in tuberculosis. 
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DISCUSSION 


DE. E. J. O’BRIEN, Detroit.—I am particularly aUergic to the pathologic reports 
we get routinely. You will notice that every one of these slides was labeled libro- 
caseous tuberculosis. How much was fibrous and how much was caseous is not answered. 
This is very, very important. 


If there is a lot of fibrous tissue surrounding a small area of caseation, it presents 
a different problem than a lot of caseation in a smaU thin capsule of fibrous tissue and 
future ‘ pathologists ivill be mote accurate in their interpretations in the 
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lateral inargiu of the empyema coamiuaicated with the free pleuial space at the end of tlie 
operation. Postoperative sputum is negative by culture and the empyema space is opithelized. 
Ilistologic diagnoses include flbrocaseous tuberculosis with tuberculous bronchitis and miliary 
dissemination, tuberculous sinus tract of the skin, and granulomatous pleuritis. 


DISCUSSION 

The clinical evaluation of a drug is difficult to perform with exactness due 
to tlie many valuables and lack of complete control. However, certain trends 
become apparent. The fact that there were no complications attributable to 
tuberculosis indicates that Isoniazid did,-indeed, play tlie role of a prophylactic 
agent. 

The baeteriologic stud 3 ’^ of the resected specimens was commenced late in the 
initially described time interval. Of the twenty-three specimens, three were 
positive by smear and negative bj' culture for aeid-l'ast bacilli, four were positive 
to both smear and culture, one was negative to smear with unfinished culture, 
and fifteen were not examined. Included in the group of positive smear and 
positive culture arc specimens from the two patients who had not received 
preoperative streptomycin and para aminosalicylic acid. 

No analyses or conclusions were attempted from such a small series. The 
apparent inconsistencies of smear and cultural examinations of resected lesions 
arc well recognized. Bfedlar'’ speculates that the.se discrepancies arc due to: (1) 
antimicrobial therapy resulting in dead organisms, (2) biochemical properties 
of the necrotic lesion resulting in dead organisms, and (3) insufficiently sensitive 
cultural methods. 

Bacterial resistance to Isoniazid develojis in approximately two to three 
months.'*’ After resistance has developed, it is likelj' that the prophjdactic 
antibacterial effect would be grcatlj^ diminished or lost. However, that was 
neither proved nor disproved by the work in this study. 

Following the pattern of streptomycin, it is becoming increasingly difficult 
to find a patient who has not had a course of Isoniazid. Such a state may 
jeopardize the futui’e of patients needing a pulmonary resection. It is suggested 
that Isoniazid be withheld from ca.scs in which a pulmonary resection may 
be necessary in the future. 

RE.SULT.S 

Twenty-three pulmonaiy resections for tuberculosis were completed on 
twenty-three patients. 


Twbntx-tiikeb Pur.Mo.xAKV Resections 


Postoperative uontuberculous complications 5 

Homologous serum jaundice 2 

Cliest wall abscess 1 

Local accumulation of pleural fluid 1 

Persistent fever, unknown origin 1 

Postoperative tuberculous complications_ £_ 


There were no bronchopleural fistulas, no tuberculous enipj-^emata, no con¬ 
tralateral spreads, or reactivation of previously cjuiescent disease. In one case, 
the contralateral active disease improved as noted by roentgenogram. 
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COXCLUSIOXS 

The question asked earlier in the discussion, "Does Isouiazid afford adequate 
antibacterial protection during the operative period and for a miuiuium post¬ 
operative period of tvro montlis against the tubercle bacillus?” maj^ be answered 
in the affirmative. This iinpUes proper timing of the medication so that its 
period of action is before the bacterial organisms become resistant to Isomazid. 

SUMUAKY 

1. Twenty-three patients undergoing pulmonary resection for tuberculosis 
were administered Isoniazid as the prophylactic antibacterial agent during the 
operative period and postoperatively for a minimum of tuo months. The 
efficiencv of the drug was measured in terms of postoperative complications due 
to tuberculosis. 

2. The postoperative complications are pi-esented. 

3. It is concluded that Isoniazid is a satisfactory prophylactic antibacterial 
agent for pulmonary resection in tuberculosis. 
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DISCUSSION 


DB. E. J. O’BRIEN, Detroit.—I am particularly allergic to the pathologic reports 
we get routinely. Tou will notice that every one of these slides was labeled fibro- 
caseous tuberculosis. How much was fibrous and how much was caseous is not answered. 
This is very, very important. 


If there is a lot of fibrous tissue surrounding a small area of caseation it present 
a different problem than a lot of caseation in a small thin capsule of fibrous tissue an, 

be «ore accurate in their interpretations in th 
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DE. A. C. DANIELS, San Franeiseo .—A good deal of work on Isoniazid has been 
done at Weimar Sanatorium and I thought this would be an appropriate time to call to 
the attention of this group the emergence of strains of tubercle bacilli that are resistant 
to this drug. 

(Slide.) The top line as you will note is Isoniazid alone, and at the end of six 
months 90 per cent of the strains of tubercle bacilli are resistant to Isoniazid. When it is 
combined with streptomycin there is essentially the same percentage, 86.9 per cent. With 
Isoniazid and PAS SO per cent of the strains of organisms are resistant at the end of six 
months. When Isoniazid, streptomycin, and PAS are given together, 46 per cent of the 
strains within six months are resistant to isoniazid. This is a series of about 100 patients, 
all of whom still had positive sputum at the time the evaluation was carried out, so that 
we know that these particular strains have de%'eloped this resistance. 

This is to point out the importance (and I think that is what we learn from Dr. 
Childress’s paper) of preserving Isoniazid as a chemotherapeutic agent for the surgical 
treatment of tuberculosis and not let it be dissipated at some earlier time when it is not as 
useful to the patient. So far as we are concerned, the only time that Isoniazid is in¬ 
dicated in the medical treatment of pulmonary tuberculosis is in tuberculous meningitis 
and miliary tuberculosis, and in those few patients in whom the disease is so far advanced 
that it is given as a last hope, where no surgical treatment of the patient is anticipated. 
We hope that the word will get around that Isoniazid should not be used indiscriminately 
and that it should be reserved for the time of pulmonary resection, because in our hands 
when used alone it has been a most formidable agent against the tubercle bacillus. 


THE INFLUENCE OP LONG-TERM CHEilOTHERAPY ON THE 
SURGERY OP PUXMONARY TUBERCULOSIS 

John- D. Steele, M.D, B. G. N.^kodick, iI.D. (by intitation), and 
A. V. Cadden, M.D. (by intoation) 

■ ^Milwaukee, Wis. 


T he feasibility of the use of long-tenu streptomycin and PAS in the therapy 
of pulmonary tuberculosis from the standpoint of toxicity was first pointed 
out in 1949 by D 'Esopod 

Pathologic changes in pulmonary lesions found after prolonged chemo¬ 
therapy were described about one year later by D’Esopo, Ryan, and Medlar.- 
The surgical excision of necrotic pulnmnai-y foci following long-term original 
courses of streptomycin and PAS was reported to tliis Association two years 
ago by Ryan, iledlar, and Welles.^ It was suggested at that time that the re¬ 
sults from original eouises of long-term chemotherapy were more satisfactory 
than the results from retreatment coui-ses and that the problem of baciRary re¬ 
sistance was not an appreciable one duruig original couises provided, of course, 
that combined therapy with streptomycin and PAS was used. It has been 
shown by the same group of worker’s that tubercle baeOli can be cultured more 
readily from the lesions of patients receiving retreatment coui’ses than from 
those receiving original courses of chemotherapy.■*• “ 

The use of long-term chemotherapy has altered profoundly our own indica¬ 
tions for resection and coUapse ther-apy in the treatment of pulmonary tnber- 
cidosis. Prolonged chemotherapy is particularly eft'ective in patients having 
lesions udth an appreciable exudative or pneumonic component and is less ef¬ 
fective in those having chronic, fibrotic, destructive, irrevei’sible lesions. 

In order to appreciate the px’oblenrs of surgical treatment arising in pa¬ 
tients with lesions which show good response to long-term chemotherapy, it is 
necessary to review certain pathologic concepts. These concepts apply regard- 
le.ss of the extent of the disease. 

iledlar-- ® has pointed out that as areas of tubercrdous pneumonia resolve 
they may first, either heal by complete resolution or sear formation oi’, second, 
undergo necrosis with the formation of an irreversible, necrotic focus which 
essentially is a tuberculous abscess. The discharge of debris from such a necrotic 
focus into a bronchus leads to a tuberculous cavity. Chemotherapy apparently 
hastens the changes which occur in pneumonic lesions. Cavities which are pres¬ 
ent at the start oi long-temi chemotherapy frequently become filled with caseous 
material during treatment and small necrotic areas less than 5 nun. ut diameter 
may sometimes become encapsulated completely. It has recently been observed 
by Auerbach and Ids co-workei-s' that the bronchoeavitary junction may epi- 
tjiefe as the result of long-term ehemotherapy and prevent obliteration of the 


From tlie Dep.irtments of Surcerv. Muirdale S-imfori,,.,, 
the M.irnuette Unitersity School of Medicine. atorium and Columbia Hospital, ami 

He.id at the Thirty-third .\nnu.al Meetinc of The tr.,ee!eo„ > , .■ 

•Surfiery, S.in Francisco. Calif.. JIarch 2S. 2 $. and 30. 1953 .'' ^ -'■ssociation for Tlioracic 
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bronchial lumen at this site which, in turn, may be an important factor in pre¬ 
venting cavity closure. Auerbach has further noticed that the inspissated, 
caseous contents of a filled cavitj’’ maj”^ be invaded b}’’ leukocjdes which may pro¬ 
duce a liquefaction and evacuation of the contents, leaving a cavity lined with 
a smooth, glistening surface. 

As the result of these observations and of our own observations on resected 
specimens, we believe that cavities present after long-term original courses of 
chemotherapy probabty fall into three separate categories. In the first group 
are the filled cavities, the contents of which may vary from hard caseous to 
liquid purulent material; in the second, there are the “clean” cavities of Auer¬ 
bach lined with smooth, glistening surfaces which can often be demonstrated 
roentgenographically to have been filled at some point during chemotherapy; 
in the third group are the cavities which remain open during the entire course 
of chemotherapy, and which are usually lined by a “dirty,” necrotic, caseous 
surface. Tubercle bacilli can be cultured much more readily from the walls 
and contents of these “dirty” cavities than from those in the first two groups 
(see Table 

From a practical standpoint, when a patient with disease of relatively re¬ 
cent origin or disease containing an appreciable exudative component is treated 
with long-term chemotherapy to a point where, first, roentgenograms taken two 
months apart show no change and all cavities are filled or have been lost to 
view and, second, examinations of pulmonary secretions are negative on culture, 
the problem then arises whether to resect the residual lesions or to leave them 
alone. We have chosen to use resection for such patients except for those who 
have extremely small exudative lesions prior to chemotherapy. 

We realize that final evaluation of our resection program will require a 
fairlj^ long follow-up period. The incidence of reactivation of disease in the re¬ 
section group must be compared with that in a comparable group which has 
received long-term chemotherapy ndthout resection. 

We do not believe that collapse therapj'- can be considered logically as an 
alternative in these eases because of the nature of the pathology of the residual 
lesions. 

We do, however, believe there still is a place for collapse therapjq particu¬ 
larly thoracoplasty, in the treatment of tuberculosis. The relative frequenc 3 ^ 
with vdiieh collapse therapy procedures were used in relation to resection at our 
sanatorium during 1952 is shovm in Table I. 

Table I. Surgical and Collapse Therapy Procedures Used During 1952 at 

AIuirdalb Sanatorium 

PROCEDURE _ 

Resection 

Thoracoplasty (definitive) 

Decortication 
Paraffin pneunionolysis 
Phrenic paralysis 
Pneumoperitoneum 
Pneumothorax__ 


PATIENTS 

12S 

17 

3 

1 

1 

1 

0 
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In general Tre have used thoracoplasty in patients -with cavities remaining 
open diu'ing long-term chemotherapy and who have also had disease wliich ap¬ 
peared too extensive for resection. In addition, we have been inclined to use 
thoracoplasty when the operative risk of resection was estimated to he abnor¬ 
mally high. Ve do not consider that we have abandoned other coUapse therapy 
procedures entirely and intend to use them in occasional selected cases in the 
future. 'We feel that long-term chemotherapy is so much more effective than 
the so-called temporary collapse therapy procedures that we are fully justified 
in not using them to any appreciable extent. 

Oim present program of resection of residual necrotic foci foUowing long¬ 
term chemotherapy started in June, 1951, when we operated on a patient who 
had received an original eoiuse of streptomycin and PAS of sixteen months’ 
duration. From June, 1951, to Deeemher, 1952, we perfonned 1S2 pulmonary 
resections on 146 patients. One himdred twenty-five of these resections were 
for residual lesions in patients prepared with original courses of streptomycin 
and PAS for four montlis or more; twenty-one patients were prepared with 
long-temi retreatmeut eoui-ses; the pi'eparation or indication for thirty-six other 
patients who imderwent resections for pulmonaiy tubei’culosis perfonned during 
this same period are shown in Table II. 


Tabix rr. JJiscEuxs'Eoi's BesEcnoxs rojt TuBERcrLOSis ix 31 Patiexts 



P.ESECnOXS 

CCITUEE POSITIVE 

Cavities tmfihed during chemotherapy 

10 

7 

Less than 4 mo. chemotherapy preparation 

13 

2 

Isoniazid preparation 1-4 mo. 

4 

1 

S mo. 

5 

1 

Other 

4 

0 

Total 

3(5 

11 


The type of operations perfonned on om- patients who received long-teiau 
chemotherapy in preparation for resection is shown in Table III. The great 
majority had small resections, either wedges or segments or both. Wedge re¬ 
sections were performed during 93 of the 146 operations. These wedge resec¬ 
tions were actually snhsegmental resections since all dissections were earzled 
out in anatomic planes. Tlie pneumonectomy was performed because the pul- 
mouaiy artery was tom during a segmental resection. 

We believe that the use of long-term chemotherapy made it possible to per- 
fomt small resections in the majority ot our patients and thus preserve con- 

T.UiEE nr. Type of Pulmoxaky Besectioxs tx H2 Patie.yts With Foit. op. Wobe Moythc' 

Pr.EopEK-vnvE SM .<1X1) PAS ' ‘ 

(OpJGIXWI. -IXD BETP.EATJfE.YT COCESES) 

Exploration only 
We<lge(s) only 
Segment (s) only 
Segment(s) plus wedgeCs) 

Lobectomy onlj- 
Lobectomy plus no<3ge(s) 

Pneuraoneetomy 
Total ^ ■ 
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siderable pulmonary function. In other words, the percentage of entire lobes 
resected would have been much higher if these patients had been prepared for 
resection with sliort courses of chemotherap 3 L 

Pulmonary function, as measured br^ maximum breathing capaeitj^ and 
walking ventilation, was not affected in the great majority of our patients hav¬ 
ing small resections, even in the bilateral cases. 

The greatest disadvantage we have found in the performance of small 
resections has been the relativelj'^ high incidence of postoperative complications. 
These complications and the treatment required in each group are listed in Table 
IV. We should like to emphasize: (1) that the end results in all of these pa¬ 
tients have been good, (2) that none of the complications was tuberculous, and 
(3) that there was no mortalit.v in this gi'oup of 146 resections. We feel that 
the high incidence of peripheral lung leaks, as distinguished from large bron¬ 
chial leaks, is a reasonable price which has been paid for the preservation of a 
maximum amount of lung tissue. The lung leaks considered as complications 
were either persistent or recurrent. We believe that it is usually safer to 
perform a secondarv thoracotom.v than to rel.y on the use of catheters and needles 
over a protracted postoperative period. This is particularly true in the case 
of postoperative hemothorax. It is possible tliat two empyemas could have 
been prevented if hemothoraees in these patients had been evacuated earlj' bj’’ 
seeondaiy thoracotom.v. Our space-filling thoracoplasties were small ones and 
resulted in no appreciable loss of pulmonaiy function. 


Table TV. Significant Complications and Treatment Required 
146 Resections —112 Patients 


I. Lung leaks 


19 

Secondary thoracotomy 

13 


Catheter aspiration 

5 


Space-filling thoracoplasty 

4 


II. Hemothorax 


6 

Secondary thoracotomy 
“Varidase” (successful) 

3 


1 


Space-filling tlioracoplasty 

2 


III. Empyema (pyogenic) 


5 

Thoracotomy for drainage 

5 


Modified thoracoplasty 

3 


Total complications 


30 

(20.0%) 


Table V shows the distribution of the complications according to tlie t.vpes 
of small resections. Although a number of different opei'ative techniques and 
postoperative routines were utilized, the incidence of complications was evenl.v 
distributed throughout the series. 


Table V. Significant Complications in 129 S.mai.l Eesectio.ns 



1 CASES 

1 per cent I 

NO. 

Wedge(s) only 

63 

39 

27 

9 

8 

11 

14 

20 

Segment(s) only 

Segment(s) plus wedge(s) 

40 
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We have been particularly interested in the bacteriology of the resected 
lesions from patients who have received long-term chemotherapy. For the most 
part, the material from different lesions in the same resected specimen was 
pooled for bacteriologie examination. Lesions were incised for examination by 
the surgeon under aseptic conditions at the conclusion of each operation. Cul¬ 
tures and guinea pig inoculations were done on untreated material and also on 
another portion digested with trisodium phosphate. Cultures were made on 
Lowenstein-Jensen’s medium. Guinea pig pathogenicity and drug sensitivity 
tests were made on all positive cultures. 

ForUrnately, the number of our patients receiving long-term retreatment 
courses of streptomycin and PAS was relatively small. The reason for this is 
that we had complete control of the choice and administration of the chemo¬ 
therapy received by most of our patients. Furthermore, we were aware two 
j^ears ago of the probable advantages of original over retreatment courses. Five 
of the twentj^-one resected specimens in this group were positive on culture 
(Table VI). This incidence corresponds closely to the findings of others in 
this category.^- ® All of our patients had drug-sensitive bacilli at the time 
of retreatment. 


Table VI. Bacteriology op Besbcteo Besiors in 16 Patients Hawnq BEiBEATiiEXT 
Courses op SM arr PAS for more than Four Months 
Total Therapy—Various EecUiens 


1 

MONTHS chemotherapy i 

1 

RESECTIONS 1 

CULTURE AMD/OR GUINEA PIG 

positi\t: 

4- 3 

D 

1 

S-12 

9 

3 

12-18 

5 

1 

18 24 

o 

0 

Total 

21 

5 


In the group of patients who had original courses of streptomycin and PAS 
for more than four months (Table Vll), 125 resections were performed on 96 
patients. In other words, twenty-nine patients had bilateral and sixty-seven 
had unilateral resections. One hundred two patients were prepared with eight 
or more months of chemothei'apy. 


Tari.e Vtl. Bacteriology op Resected Lesions in 96 Patients Havjno Obioix'Al Courses 
OP SM ARD PAS FOR More than Pour Months 


MONTHS 1 

ClIEMOTHeR>Vpf 1 

UESLCTIONS 

1 SMEVR AKD/OR ^ 

( SECTION POSITIVE 

I CULTURE AND/OB | 
1 GUINEA PIG ' 

1 POSITIVE 1 

1 —--- 

1 KONCASEODS 

1 LESIONS Or NONE 

4- S 

23 

14 

1 


s-12 

o4 

37 

3 


12-lS 

46 

26 

7 

3 

18-24 

Total 

o 

125 

o 

79 

0 

4 

_ 0 
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The pulmonary secretious of only one of the ninety-six patients were 
loiowu to be positive on culture just prior to resection; the secretious of eiglity- 
six patients were negative; the secretions of nine patients early in our series were 
not examined immediatelj'- before i-esection. 

Eoentgenologic stability of lesions for a minimum of two months was re¬ 
quired prior to thoracotomy. 

The lesions in 105 of the 125 lungs showed moderate to marked roentgen¬ 
ologic improvement under chemotherapy while the lesions in the other 20 re¬ 
mained stationary. 



Fig. 1 (Case 1) —The patient uas a white woman, 26 years old. A, Roentgenogram at 
start of chemotherapy Note laige subclavicular cavity on left. B, Roentgenogram follow¬ 
ing ten and one-half months of chemotherapy consisting of daily doses of streptomycin and 
PAS Preoperative fllin. Foi opeiative findings see Fig. 2, .1 and B 

Four patients having cavities lined Avith smooth, glistening surfaces Avhieh 
had shown roentgenographic evidence of having been filled at some point dur¬ 
ing chemotherapy are included in this group of 96 patients. No patient having 
a eavitj'" which had not closed or AAdiich liad not been filled during chemotlicrapy 
is included. 

The discrepancy between the number of positive smears and/or acid-fast 
bacilli found on tissue section and the number of positive cultures or guinea 
pigs brings up the question as to Avhetlier such toberclc bacilli which can be 
seen but cannot be grovm are dead or alive. Some investigators”- believe that 
such bacilli in most lesions are actually dead. On the other hand, it has been 
suggested that these bacilli ma 5 " have lost their ability to reproduce because they 
may be affected by a substance or substances wliieh, if neutralized, might allow 
them to reproduce again.” This is a question Avhich cannot bo answered at the 
present time. 
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3. 



C. O- 


Fiff, 2 (Ca*es 1 and 2).—J., Diagram of op€raU\e findings on in Caso 1. The 

p>osterior segment and a x\edse from the superior segment were resected. The resected nodular 
lesions (aho\\n in red) measured up to 1 cm, m diameter. Some lesions contained soft, and 
others hard, caseous material, B, Operati\e flnoings on left m Case 1. The apical-poaierior 
segment was resected. The resected nodules (*hown in red) contained nard to semiliquid 
caseous nuitenat Culture of this material was positne on culture for tubercle baciUL The 
wav-y lines indicate fibrosis. Xone of the unresected nodules (shown in black) was o\er 2 mm, 
in dlarrcter. C, Operaiue findings on right in Case 2- The posterior segment and wedge 
from the anter.or segment were resected, ilatenal from the 5 mm. nodule m the anterior 
'‘ecrr.Lnt was po:>iti\e on smear and culture. I>, Operatue findings on the left m Case 2. Two 
wtdges were rejected. 2»raterial from the 5 mm. nodule was positi\e on smear but negative 
on culture. 
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We do know, however, that the tubercle bacilli recovered from the lesions 
of some of our patients did grow and did produce disease in guinea pigs. Tlie 
eleven resected specimens which yielded tuberele bacilli which grew on culture 
or produced disease in a guinea pig were from eleven different patients; none 
of these patients had positive cultures or guinea pig inoculations of resected 
lesions from both lungs. These patients had original preoperative courses of 
chemotherapy varying in length from six to fifteen months. 

The twelve operations in the last column (of Table VII) emphasize the 
difficulty in using roentgenographie findings as an indication of the presence 
or character of residual lesions (see Figs. 4 and 5). Four of the twelve opera¬ 
tions were actually exploratory thoracotomies rather than resections as no pal¬ 
pable disease was found; the resected specimens from the other eight lungs 



A. B. 

Fiff. 3 (Case 2).—The patient was a 26-year-old white woman. Aj Roentgreno&ram at 
start of chemotherapy. R, Roentgenogram after nine months of chemotherapy. Preoperative 
film. For operative findings see Fig. 2, C and D, 

contained fibrous tissue only although in two of these, acid-fast bacilli were 
demonstrated in microscopic tissue sections. Ten patients are represented in 
these twelve “dry runs,’’ two having had “dry runs’’ on both sides. Nine of 
these ten patients had had positive cultures of sputum or gastric contents just 
prior to chemotherapy; all lesions had shown definite roentgenologic improve¬ 
ment on chemotherapy. On reviewing tlie indications for thoracotomj^ in the.se 
twelve eases, we found onl}’’ one which, in retro.speet, we would not have e.x- 
plored again. 

All palpable disease was resected from 91 of the 125 lungs and, as noted, 
four patients had no palpable disease. So much disease was present m 3 ot 
the 125 limgs that resections were performed as biopsies only, to determine the 
character and bacteriology of a few of the lesions present. 
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F,,. 4 (Case .).-The of'chSKTpreJ 

start of chemotherapy. B, Roentgenogram loi s exception on one 

r?,^m.‘'c\.^"u^no'auir^.S reTec^^^^^^ contained diffuse fibrosis only. 






W^.r 


7 18 51 

SM 0 



-■■ill y 

■ V r 


m 


S 3 52 

R SM 10 
L SM 12 


Fig. 5 (Case 4).—Tlie patient was a 52-ycar-old wliite man. .4. Roentgenogram at 
shirt of chemotherapy. R, Roentgenogram following ten months of cliemotherapy (preopera¬ 
tive film). Lesions resected from right lung contained fibrosis only. Lesions from left lung 
contained one 3 mm. caseous nodule in addition to considerable fibrosis. 
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The distribution of our positive cultures and/or guinea pigs according to 
the streptomycin regimens used in preparation for resection is shown in Table 
VIII. The mixed regimens included combinations of the other two. AH patients, 
of course, received daily PAS. The dose of streptomjmin was 1 6m. daily except 
in the case of the one child in the series. There is nothing particularly significant 
about the distribution of the positive cultures. 


Table yni. Bacteriology op Resected Lesions. Original Cookses. 
Distribotion of Resections and Positive Cultores According to SIC REoiiiEXS 


SU REGIMEN 

1 4-S months ; 

1 S-2i MONTHS 

RESECTIONS I 

1 CULTURE AXD/OR 1 
GUINEA PIG 

1 POSITIVE 1 

RESECTIONS I 

1 CULTURE AND/OR 

1 guinejI pig 

POSITIVE 

Daily 

16 

1 

33 

3 

2x week 

6 


39 

3 

Mixed 

1 

0 

30 

4 


We were unable to find anj-thing particularlj’’ characteristic about the 
pretreatment or preoperative roentgenograms of either the eases which sub¬ 
sequently yielded positive cultures (or guinea pigs) of their lesions or the cases 
which had no palpable disease or predominately fibrotic disease. The roentgeno¬ 
grams and operative findings of two representative cases from the former group 
are illustrated in Pigs. 1 to 3; the roentgenograms of two patients from the 
latter group will be found in Pigs. 4 and 5. 

In all of our patients whose lesions were resected following preparation 
with long-term chemotherapy we have continued chemotherapy for an arbitrary 
postoperative period of three mouths. Patients having significant unresected 
disease have had longer postoperative coui’ses. Eecently, because of late 
recurrence of disease in two patients whose lesions were positive on culture, we 
have decided to give patients who have positive cultures of their lesions additional 
po.stoperative chemotherap}^ 

As indicated above, our follow-up period is too short to be significant. 
Only thirty patients prepared with long-tez-m chemotherapy for resection have 
been followed for one jmar. However, four patients followed for less than a 
year have recui’rent disease. Two of these liave had positive cultures of their 
secretions only while the other two have also had roentgenographic recurrences. 


SUMMARY 

Pulmonary resections were peiTormed on 112 patients whose tuberculous 
pulmonary lesions had responded favorably to long-term courses of streptomycin 
and PAS. 

Bacteriologic examinations were carried out on all resected specimens. The 
final evaluation of this resection program will require a long follow-up period. 
Our present indications for collapse tlierapy are discussed. 
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DISCUSSION 

COLONEL JAMES H. FOESEE, Denver.—It may be of interest to report briefly 
certain follow-up data regarding patients treated at Fitzsimons Hospital during the period 
from January, 1947, to approximately one year ago. 

Three hundred sixty-nine patients received extirpative surgery. An interesting fact is 
that the disease process in this group of patients, preoperatively in 60 per cent, whether 
cavitary or noncavitary, was limited to an area involving only one lobe and limited in 
extent to an area no greater than that above the level of the second costochondral junction. 
This is the elassiflcation of minimal tuberculosis, but these patients are not minimal tubercu¬ 
losis; 30 per cent had cavitary lesions. 

The surgical procedures employed iu this 00 per cent, or 221 patients, was lobectomy in 
52 per cent, wedge resection in 31 per cent, and segmental resection in 17 per cent. The 
follow-up data approximately one year to more than five years as available in 97.3 per cent. 
Of these patients 93 per cent are living and well; three patients, or slightly over 1 per cent, 
arc dead (none due to tuberculosis) ; five patients, or 2.3 per cent, had reactivation of tlie 
disease occurring at intervals of four to eleven months postoperatively. The reactivation of 
previously unrecognized foci occurred on the side of the resection iu three patients, and on 
the contralateral aide in one patient. Bacteriologie relapse occurred in one instance without 
evidence of reactivation or new pulmonary lesions. In three of these-five, the patient had 
cavitary disease. Glandular tuberculosis occurred iu two patients or .9 per cent; one occurred 
four jears after pulmonary resection. The other was a reactivation of previously existiu" 
ccH-ical adenitis four years after operation. At this time 57 per cent of these patients are 
gam ully employed, part or full time; 36 per cent are well but have not returned to work, 
boveiity-ono of the 221 patients have been operated on since 1951. 

To us, tliese facts reveal that more and more patients with less and loss pulmonarv 
uborcu 03 .S are bmng successfuUy treated by surgery. It seems reaonable to anticipate that 
his IS the trend m the surgical management of pulmonary tuberculosis since the advent of 

r reasonable to predict that, if the dLease is detected 

varlj. If proper ther.ipy is instituted and carried to its completion, more than 90 per cenTof 
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The distribution of onr positive cultures and/or guinea pigs according to 
the streptomycin regimens used in preparation for resection is shown in Table 
VIII. The mi.xed regimens included combinations of the other two. All patients, 
of course, received daily PAS. The dose of streptomycin was 1 Gm. daily except 
in the ease of the one child in the series. There is nothing particularly significant 
about tlie distribution of the positive cultures. 


Table YIII. Bacteriology op Besected Lesions. Original Courses. 
Distribution op Besections and Positive Cultures According to SJL Begimens 


SM REGlilEN 

( 4-S MONTHS 1 

1 S-24 MONTHS 

resections 

> CULTURE jVXD/OR 
GUINEA PIG 
posiTm: 

1 

1 RESECTIONS I 

CULTURE and/or 
GUINEUV PIG 
POSITIVE 

Daily 

1(5 

1 

33 

3 

2x week 

6 

0 

39 

3 

Mixed 

1 

0 

30 

4 


We were unable to find an3-thiug partieularlj^ characteristic about the 
pretreatment or preoperative roentgenograms of either tlie cases which sub¬ 
sequent!}" yielded positive cultures (or guinea pigs) of tlieir lesions or the cases 
which had no palpable disease or predominately fibrotic disease. The roentgeno¬ 
grams and operative findings of two representative cases from the former group 
are illustrated in Figs. 1 to 3; the roentgenograms of two patients from tlie 
latter group will be found in Figs. 4 and 5. 

In all of our patients whose lesions were resected following preparation 
with long-term chemotherapy we haim continued chemotherapy for an ai’bitrary 
postoperative period of three mouths. Patients having significant unresected 
disease have had longer postoperative coui-ses. Recently, because of late 
recurrence of disease in two pcatients whose lesions were positive on culture, we 
have decided to give patients who have positive cultures of their lesions additional 
postoperative chemotherapy. 

As indicated above, our follow-up period is too short to be significant. 
Only thirty patients prepared with long-term chemotherapy for resection have 
lieen followed for one year. However, four patients followed for less than a 
year have reeui-rent disease. Two of these have had positive cultures of their 
secretions only while the other tivo have also had roentgenographic recurrences. 


SUMM^IBY 

Pulmonary resections were performed on 112 patients whose tuberculous 
pulmonary lesions had responded favorably to long-term courses of streptomycin 
and PAS. 

Bacteriologic examinations were carried out on all resected specimens. The 
final evaluation of this resection program will require a long follow-up period. 
Our present indications for collapse therapy are discussed. 
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DISCUSSION 


COLONEL JAMES H. FORSEE, Denver.—^It may be of interest to report briefly 
certain follow-up data regarding patients treated at Fitzsimons Hospital during the period 
from January, 1947, to appro.ximately one year ago. 

Three hundred sHty-nine patients received extirpative surgery. An interesting fact is 
that the disease process in this group of patients, preoperatively in 60 per cent, whether 
cavitary or noncavitary, was limited to an area involving only one lobe and limited in 
extent to an area no greater than that above the level of the second costochondi'al junction. 
This is the classification of minimal tuberculosis, but these patients are not minimal tubercu¬ 
losis; 30 per cent had cavitary lesions. 


The surgical procedures employed in this 60 per cent, or 221 patients, was lobectomy in 
52 per cent, wedge resection in 31 per cent, and segmental resection in 17 per cent. The 
follow-up data approximately one year to more than five years as available in 97.3 per cent. 
Of these patients 93 per cent are living and well; three patients, or slightly over 1 per cent, 
are dead (none due to tuberculosis); five patients, or 2.3 per cent, had reactivation of tlie 
disease occurring at intervals of four to eleven months postoperatively. The reactivation of 
previously unrecogmzed foci occurred on the side of the resection in three patients, and on 
the contralateral side in one patient. Bacteriologic relapse occurred in one instance without 
evidence of reactivation or new pulmonary lesions. In three of these-five, the patient had 
cavitary disease. Glandular tuberculosis occurred in two patients or .9 per cent; one occurred 
four years after pulmonary resection. The other was a reactivation of previously existin" 
cervical adenitis four years after operation. At this time 57 per cent of these patients are 
gainfiflly employed, part or full time; 36 per cent are well but have not returned to work. 
Seventy-one of the 221 patients have been operated on since 1951. 

To us, these facts reveal that more and more patients with less and less pulmonary 
uberculosis are bmng successfully treated by surgery. It seems reaonable to anticipate thS 
surgical management of pulmonary tuberculosis since the advent of 
the antituberculosis drugs. And it seems reasonable to predict that if Hip .I'sp • j i 
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patients with uiRompIicatecl pulmoinu^v tubeiculosis mil icoovei iiud letuui to acti\e gainful 
occupation—a great tiibuto to uiaii,\ of those in this auilieiieo todaj wlio liuo deioted so 
much of their li\es to the treatment of iniliiioiiary tiiboiciilosis 

Dl? E J O’BRIEN', Dotioit—I ha\e been \eij much interested in Dr, Steele’s paper, 
but it was \ery dithoult foi me to follow him He spoke eoiistantl.i of longterm treatment, 
and jot slide attei slide went on the screen where the long teiiii tieatment was shown as from 
foiii to eight months That is not long teim tieatment He also questions the a.iluo of 
tlioracoplastj aftei long term tioatnient, though the ea\ities aie still open Mnnj of the lest 
of us belle^e tlmt caiities not closed aftei si\ months will not close under this legiinen alone, 
and that thoiaeoplastj’ oi some othoi tollapse measuie should be used to assist in closuie, unless 
rescc tion seems indicati d 

He mentions producing disease in guinea pigs from ciiltuies oi caseous mateiial after 
so called long teini treatment I beluwe I haie read about all tlio literatuio that has been 
published on the subject, and I ha\e jet fo hud a lepoit fioni anjbodj wlio has produced 
disease in guinea pigs after what is leilh lontinuous lougteim tieatment I looked ovei 
Dr Steele’s liguios jesteidaj and he his not piodinod diseiso iii quiiiea pigs after sixteen 
months of chemotherapy had been gnen 

DR STEELE (Closing) —The inattei of what should be called long teim theiapj is 
leij aibitraij' We arbituirilj selected tour mouths .is a mininuim foi oiii longterm cases 
Howexer, I would like to lemiiid joii that we had lOd lesections on patients lecennig oiiginal 
touises of streptomjcin and PAS of eight months or moie, and tint the xiible, pathogenic 
bacilli which we recoxered weie fiom eleven pitients leceiving tiom si\ to ntteeii months of 
oiiginal eouises of long term cheinotheiapx 
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introduction 

S EGMENTAL resection in the surgical maiiageraent of pulmonary tuber¬ 
culosis is now an established and aceejAed procedure.''"® It can be used in 
minimal, moderate, and far-advanced eases of pulmonary tuberculosis pro¬ 
vided the major offending focus is limited to one or two segments of the lobe. 
The rate of sputum conversion is high and with experience the morbidity and 
mortalitv rates are low. The operation is moderately intricate and demands 
great postoperative vigilance, but it avoids prolonged hospitalization and, 
by corollary, reduces the task of rehabilitation. Its greatest virtue, of course, 
is its preservation of pulmonary function as ivas intended by its originator, 
Dr. E. D. Clinrehill,-'’ and other early workers.®"'®' 


B.ASIG PATHOLOGY 


Tuberculosis usually begins as a “patch” of indolent pneumonia confined 
to the upper and posterior segments of the lobes as reported by Medlar and 
others.®'"®" Less frequently it may involve a lobe or the entire lung but regard¬ 
less of its dimensions it begins as a pneumonia. 

The patch of pneumonia may fake three courses: (1) resolution, (2) fibro¬ 
sis, or (3) caseation necrosis. If resolution of the exudative element occurs, 
the alveolar trails remain intact, no function is lost, and ultimately all 
evidence of the disease disappears from the chest film. If fibrosis occurs the 
area is replaced bj' “scar” tissue (the productive reaction), alveolar function is 
lost, and the x-ray film always reveals the site of the insult. In other in¬ 
stances small “patches” of pneumonia coalesce to form a large conglomerate area. 
If the vascular uutritioii to the center of this area is lost, caseation necrosis oc¬ 
curs and the alveolar architectiu-e is destroyed. Usually one or more small 
bronchi communicate udth the necrotic area, and should liquefaction of this 
caseous material ocenr the area “shells out” to form a ca^dty. 

In everj' lesion probably all three factors are at work. There is some reso¬ 
lution, some fibrosis, and some caseation necrosis. It is the necrotic focus, and 
especially the size of Ibis foems, that threatens the patient’s future welfare. 
Tlirough liquefaction of this necrotic area bronchial dissemination of the dis¬ 
ease may oceiu’. Segmental or subsegmental resection performed at the proper 
time is designed to avoid such spreads. 
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BASIC PHYSIOPATHOLOGY 

The functional advantages of leaving behind only one of three segments 
of a lobe was at first debatable. It was reasoned, ho%vever, that as a functional 
unit it contributed its bit to the total function and as a “filler” it prevented 
excessive distention of the residual lung components and in this way preserved 
their function. We now know by actual bronchospirometric measurement per¬ 
formed on a series of these patients before and after segmental resection that 
little or no function is lost and in some eases it seems to be actually improved. 
One of us (C. P. S.) will report on this functional aspect at a later date. 



SEGMENTAL CLOCK 

{RIGHT LATERAL VIEW ) 



SEGMENTAL CLOCK 

{RIGHT LATERAL VIEW 1 
Fjg. 1. 

The residual segments are usually larger than normal, and the presence 
of adhesions may determine which segments will enlarge to compensate for 
the healing and contraction in the diseased segments. For example, ad- 
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hesions between tbe right posterior segment and the chest wall will not 
permit enlargement and upward movement of the lower lohe as healing an 
contraction occur in the apical and posterior segments. However, wnth the 
hilum of the lung as an axis, a eountercloekivise enlargement of the anterior 
segment and the middle lohe is often observed (Fig. 1). On the other hand, 
if adhesions exist between the right apical segment and the thoracic vault as 
healing and contraction occur the lower lobe enlarges and rises high in the 
pleural cavity. In such eases there is less demand for the anterior segment 
and middle lobe to enlarge. The segments in which the enlargement is great¬ 
est are in cases free of adhesions. Conversely, an obliterative pleuritis seems 
to prevent not only the contraction of the diseased segments, but any sig¬ 
nificant enlargement of the healthy components as well. 


INDICATIONS 

The main indication for segmental resection is the necrotic lesion. Necrotic 
lesions may be small, medium, or large and stUl confined to one or two segments 
of a lobe. Not only is the size of the necrotic focus important, but also its dura¬ 
tion and especially the amount of associated exudative or pneumonic disease. 

The duration of the lesion is significant because it is difScult in the chest 
film to distinguish the boundaries between shadows due to exudative, fibrotic, 
or necrotic disease. It may be reasoned, though not without an element of doubt, 
that if the lesion has been present in serial x-raj* films for some time, it is pre- 
dominantlj’- a fibrocaseous lesion. In other words, the acute exudative or pneu¬ 
monic elements have probably resolved. If, however, the shadow is being viewed 
for the first time this assumption may be inaccurate. 

The size of the necrotic focus is important because the small foci are drained 
in most instances by small bronchi and the large ones are drained by large 
bronchi. It seems reasonable to suppose that the caseous material under¬ 
going liquefaction null drain more easily through a large bronchus than 
through a small one, and perhaps it follows that it “spreads” more easily as 
well. These points require further proof. 

Exudative disease can be expected to respond to conservative man¬ 
agement and antibiotic therapy permitting the dimensions of the operative pro¬ 
cedure to he reduced. Emergency operations have been successfully performed 
ill the presence of acute tuberculous pneumonia, because of hemorrhage, cavity 
rupture, and extensive pneimionie "spreads,”^' but in general, major thoracic 
procedures, including thoracoplasty, should not be done in the presence of 
significant exudative or pneumonic disea.se. 

The ideal indication for segmental resection is the fibrocaseous lesion ndth 
or without a cavity and devoid of an exudative element. The focus should he 
of such size and duration that mature medical opinion is doubtful of the 
patient s future security. 


(R. K. 


PREOPERATn-E STUDY AND PKEPAR.VTION 

Laminography, especially the lateral sections, introduced br one of u.s 
gues an extremely valuable preview to the thoracotomy. The phrase 
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“bloodless tboTacotomy” applied to laminogTapliy seems justifiable to those 
aceustoiued to its use. Perhaps no other preoperative studj^ is more helpful to 
the surgeon.-’ “ The e.xaet location of the disease, and especially the 
appearance of the segments to be left behind, may be learned from these 
studies. As experience in the use of laminograph}’^ increases, it is rare for 
the surgeon to perform a lobectomy when a segmental resection was intended. 
If a segmental resection is contemplated, a rib is usually not removed, the 
chest being entered through an intercostal incision since a tailoring surgical 
procedure after a segmental resection is usually unnecessary. 

The specific antibiotics are given for variable lengths of time prior to the 
operation, but always until the exudative element surrounding the fibrocaseous 
focus is thought to be absent. Other preoperative studies are similar to those 
which should precede any major surgical operation. 


TECHNIQUE—OPERATION 


Prior to operation as a result of lateral laminography the surgeon is rea¬ 
sonably aware of the pathology and its dimensions. The segments to be re¬ 
moved have been decided upon and the bronchi to these segments are imme¬ 
diately isolated and clamped before unnecessary manipulation or mobilization 
of the lung. (There are anatomic exccjitions to this iilan.) (lentle palpation of 
the pathologic lesion usually confirms the decision reached through the use 
of laminography. After the segmental bronchi have been clamped and divided, 
the lobe is then mobilized with impunity since secretions can no longer be 
expressed into the bronchial tree. Occasionallj’' after palpation our interpre¬ 
tation of the laminographs proves inaccurate and it is necessary to remove an 
additional segment or subsegment. 

The arteries to the segment are then isolated, ligated, and divided. Preser¬ 
vation of the intersegmental veins is desirable when onlj" one segment is re¬ 
moved, but when two segments are removed it is necessary to remove the 
intersegmental vein with the .specimen. The intersegmental plane is then 
developed by gentle traction and dissection as described by Clagett.^- Bleed¬ 
ing from the raw area is meticulously controlled. No effort is made to cover 
the raw area with pleura as was previously described"; any attempt to close it 
will only distort the segment and interfere with its ability to “breathe.” Fur¬ 
thermore, were the raw urea to be closed, in all probability the sutures would 
cut out in the next few days during deep breathing or coughing. The bronchus 
is then reamputated and closed with interrupted silk sutures. Pleuralization 
of the bronchial stump is not always done. Usuall}’’ the residual segment or 
adjacent lobe seals the bronchus upon complete re-expansion. Two tubes are 
left in for drainage and re-expamsion. One tube is anterolateral and fixed 
with a suture to the pleura of the thoracic vault. The other tube is low and 


in a posterolateral position. The wound is closed in anatomic layers and a 
small narrow dressing is applied in order to allow adequate clinical examina¬ 
tion of the chest during the immediate postoperative period. The large firm 
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dressiiiff phvsiologieally simulates tlie so-called captive lung mechanism, 
lateral tidal loss is significant.^*' The two ntbes are connected to a •'T" 
and placed upon active suction (see Discussion). 

POSTOPER-ATrVE KEGDtE 


Uni¬ 

tube 


At the completion oi the hilai* dissection the residual segments are inflated, 
the intercostal tubes are placed, and intraplem-al suction is established simtil- 
taueonsly with wound closure. Approxintately 200 e.e. of saline soltition are left 
in the pleural cavity to dilute the small amount of blood which gravitates to the 
dependent parts of the hemithorax during wound closure. The dilution of 
blood by the saline solution prevents clot formation and helps to insure 
patency of the tubes during the early postoperative period. Most of the 
salute solution is immediately removed by the suction sj'stem as wound closure 
is completed. A compact portable suction pmnp is used to mauitain the desired 
intrapleural pressure during transportation from the operatuig room. This 
maneuver, though not essential, is an additional precaution to insure uumedi- 
ate and complete re-exitansiou of the residual lung components. 

The patient's position in bed is at first on the side of the operation. Later 
he is itu-ued to his back and for effective coughing he is allowed to assume 
the sitting position. Young people with muscidar diaphragms will tolerate 
slight elevation of the foot of the bed. This allows the fluid to gravitate to 
the thoracic vault and keeps the costophrenic angle sharp. The fluid is then 
removed through the upper rube and the pleural reaction is confined mainly 
to the thoracic vault. "Pleurisy’’ which biuds or fixes the diaphragm may 
significantly influence function. Pleural reaction in The thoracic vault is or 
little fimetioual significance. 

Intrapleural suction is usually set at a mnms 15 to 25 cm. of water. Pres¬ 
sures at a minus 5 to 10 cm. of tsater are hasal-physiulogic. Intrapleural 
suction is ttsually set at a uunus 15 to 25 cm. of water, pressures at a miuus 5 
to 10 cm, of water are basal-physiologic. Eud-operative studies ou the 
hronchospii’ometi'ic eontz-ibutiou of the inditidual lung have revealed that 
pleural suction iu the rauge minus 5 to minus 16 in fact results in a comrol 
suhtidal. ipsilateral ventilation. Ifa.ximum tidal volume occurs with nega¬ 
tive pressures iu the range of minus IS to mhius 20. It should be noted that 
Lijulskog foiuul experimentally that reinflariou \ia collateral veutilatiou re¬ 
quires a gradient of some 16 L-ni. of water. 


If the segments ai-e to remain inflated the bronchi and bronchioles must 
not become occluded by blood or secretions. Llots of blood iu the small 
hronchioles may be propagated to larger and larger dhisions to produce a 
segmental atelectasis. Ou the other hand, if good air flow is maintained tip 
through the brom-hioles and our through the small alveolar leaks, secretions 
do not collect to account for subsegmentai or segmental atelectasis In our 
experience active suction does not prolong alveolar leaking. In the maioritv 
01 cases the tubes can he removed iu forty-eight to seventv-two hours but 
tui.es are never removed at night. It seems preferable to remove them in the 
morning when a ml complement of nurses and doctors is available, should a 
pneumothorax develop. A roeiugenogram is taken a few hours after the 
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tubes have been removed with a poi’table chest x-i’ay machine to determine 
the degree of lung expansion. A sterile trocar, cannula, and catheter are 
always available and suction is re-established immediatelj’’ should a “late leak” 
develop. Complete and eaidy re-expansion seems essential in the prevention 
of an empyema or bronchopleural fistula. 

Patent airways, large and small, are essential to successful re-e.xpansion. 
Ciliary action, bronchial pei'istalsis (elongation and foreshortening of bronchus 
during the respiratory cycle), and cough are the patient’s protection against 
spreads and atelectasis. The patient is urged by the nurse to take thirty deep 
breaths every half hour during his waking hours. Furthermore, he is en¬ 
couraged to help turn himself in bed frequently. This exercise promotes deep 
breathing. However, intratracheal suction each morning and night during 
the first forty-eight hours is perhaps the most important postoperative assist¬ 
ance the patient can be given. Its disagreeable aspects, if nothing else, as¬ 
sures patient cooperation throughout the day whenever he is urged to cough 
by the nurse in attendance. 

Pain is caused by the incision, muscle spasm, the divided ribs, and the 
pleui'a. Little can be done about the incisional pain. The muscle spasm can 
be reduced by frequent passive and active shoulder girdle exercises. Fixation 
of the divided ribs during closure will prevent pain arising from the fracture 
site, but pain from the pleura is more difficult to control. The parietal pleura 
is very sensitive and the visceral surface of the residual segments is altered : 

(1) by operative manipulation (gauze abdominal pads, sponges, etc.); and 

(2) by the precipitation of fibrin as a result of the mild but ever present 
hemothorax. The movements of these residual lung components against the 
parietal pleura, plus the pleural irritation of the drainage tubes, are probably 
responsible for most of the pain. This theory is supported further by the fact 
that patients after a pneumonectomy have much less pain than patients after 
a lobectomy or a segmental resection. 

Since patent airways are essential to re-expansion and perhaps life, and 
since coughing and deep breathing are painful, it follows that the control of 
pain is extremely important. Narcotics, not sedatives, will eontrol pain. Their 
frequent use in moderate dosage is encouraged. The use of narcotics in chest 
disease earned its bad reputation in the primordial stages of our learning. 
Vigilant nursing and a regimented postopei'ative plan will not allow the 
patient to slip into narcotic coma and drown in his own secretions. 

Specific antibiotics are used routinely after operation. They are con¬ 
tinued for various lengths of time as determined by the attending physician, 
usually for not less than three months. The nonspecific antibiotics are used 
one day before surgery, at operation, and for the first week after surgery. 
Nontuberculous empyema and wound infections have played no significant role in 
this series. 

Transfusions are used during and after operations to maintain blood 
volume. Usually 1,500 to 2,000 c.e. of blood is given each patient. 

Ambulation is permitted during the first two weeks after operation to 
encourage costal and diaphragmatic breathing. Early restricted activity may 
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lead to high fixation oi the diaphragm and cause a corresponding decrease in 
respiratory function. The patient returns to bed after two weeks and remains 
there usually for three months except for lavatory privileges. Activity is 
then increased again. 

The use of oxygen in segmental resection is important in the older patient, 
but it is rarely necessary in the young patient with good coronary circulation. 
The temporary costal and diaphragmatic restriction after operation creates a 
“shunt” and the oxygen saturation of the blood does not return to normal for 
a variable number of days. In the older patients the coronaiy circulation is 
an unknoivn factor. In this group the generous aud prolonged use of nasal 
oxygen is encouraged. Nasal oxygen seems preferable since these patients 
require a great deal of nursing attention which is difficult to administer if a 
tent is used. 

“Diet as tolerated” is not that simple. Abdominal distention ivith eleva¬ 
tion of the diaphragm is a frequent postoperative complication which may 
embarrass respiration. Clear liquids are given the first day supplemented by 
intravenous fluids if necessary. On the second day nourishing liquids, soups, 
custards, etc., are usually tolerated. However, an unexplained elevation in 
pulse rate in a patient who is not vomiting may be an indication for gastric 
decompression. In mnseular young men gastric distention is not as obvious 
as in atonic women or older men. Acute gastric distention, therefore, should 
he suspected in every muscular jmung man ivhose fluid intake is adequate, but 
who remains thirsty, runs a rapid unexplained pulse, and is not vomiting. 

An upright posteroanterior and lateral x-ray film is taken on the first 
postoperative da}’ ivith a portable machine. A second is taken on the day the 
tubes are removed (usually the second or third postoperative day). A third 
is taken on the fourth or fifth postoperative day. After that the patient is 
well enough to stand for fluoroscopy at frequent and regular intervals. Such 
mgilance is necessary since “late leaks” seem to occur in about 5 to 10 per 
cent of the patients, and immediate intercostal intubation -will avoid the com¬ 
plications associated with the uuexpanded lung. On several occasions we have 
had to intubate a patient more than twice. A late leak developed in one 
patient on the fourteenth postoperative day, one day before discharge. In 
another patient it did not develop until the forty-first postoperative day. The 
“late leak” is considered a minor complication because these patients need not 
return to the operating room for intubation and it is extremely rare for the 
late leak to progress aud cause a major complication, such as empyema or 
bronchial fistula. 


DISCUSSION 


Pulmonary tuberculosis is usually bilateral though not neeessardy bilater¬ 
ally active. The advocates of segmental resection are the first to admit that 
only the major offending focus or foci are removed by this procedure P^i 
ate almost a ways present in the opposite lung or in the residual hum com 
pouenfs on the side ot the operation. These foci are also present in natienT.' 
siieensstully treated by other forms of therapy such as bed rest, pnennmt]mrav 
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or thoracoplasty. Eemoval of all of them is technically impossible and probably 
unnecessary. The decision to remove other foci is dependent upon size and 
location. 

The actual size of the hazardous lesion is difficult to estimate in centi¬ 
meters. Usually a large lesion is more hazardous than a small one, hut on the 
other hand a small lesion in a patient without resistance can be more hazard¬ 
ous than a much larger one in a patient Avho seems “unable to handle his 
disease.” Furthermore, it is noted by those in the field of experimental re¬ 
search, by the pathologist and by the clinician, that lesions in the anterior and 
dependent segments of a lobe are less hazardous than those in the posterior 
and apical segments. Cavities located anteriorly are recalled only because 
they are exceptions to the rule or because they began in the apical-posterior 
segments and extended into the anterior and dependent areas. A lesion re¬ 
quiring resection in the superior segment® of the lower lobe may safely 
remain in the tip of the lingula. To molest the various lobes by attempting 
to remove locally all foci, large and small, without regard for location ignores 
this basic information and subjects the patient to unnecessary morbidity and 
perhaps mortality. This belief is based not only upon our recent and short 
experience with segmental resection, but upon a comparatively long experi¬ 
ence with the thoracoplasty procedure. Though the therapy has changed the 
location of tuberculosis is the same. Therefore, there must have been foci 
anteriorly in the days when the thoracoplasty was our most popular form of 
surgical therapy. Yet our failures were not usually due to the “brealrdown” 
of lesions anteriorlj'' where the collapse Avas least, but due to unclosed caAdties 
posteriorly Avhere the collapse Avas greatest. It is not implied, hoAvever, that 
tuberculosis located anteriorly should not be respected. 

Overdistention of the residual segments after segmental resection is less 
than after lobectomj^ and pneumonectomy. Phj'siologically, respiratory iune- 
tion is inversely proportional to the degree of emphysema caused by over¬ 
distention. Lung elasticity is A'ariable,^" and in all patients Avith tuberculosis 
there exists a variable amount of emphysema. Laennec, Avithout a microscope, 
described focal emph 3 rsema surrounding every healed and contracted lesion. 
The phj'siologie effects of OA’erdistention are much more noticeable in the 
older patient Avith horizontal ribs and a thick anteroposterior diameter than 
in the slender jmung patient AAuth oblique ribs and a comparatively narroAV 
chest. There must be a limit to the amount of distention a lung can tolerate 
before actual alveolar Avail destruction occurs. The speed and duration of 
overdistention are also factors. Tuberculosis is an indolent disease Avhich 
heals sloA\d}^ As healing and contraction of the diseased segments occur, a 
sloAV compensatorj" enlargement of the health}^ parenchjmia takes place. 
The undesirable aspects of suddenly demanding a single lobe to fill one chest 
after a lobectomy has led us to believe that a small tailoring procedure should 

be done simuUaneousUx _ 

Overdistention may or may not be responsible for tlie “breakdown or 
reactiA-ation of disease in the residual segments. A point less debatable is the 
fact that should a breakdoAvn occur the eniph.A^sematous patient does poorly 
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mth mberculosis and nsnally to an extent inverselr proportional to tlie amount 
of emphysema. It is thought that one of the factors responsible for such a 
response in the emphysematous patient is interference with the cleansing 
mechanism. The patient’s protection against "spreads” is enhanced by an 
effective cleansing mechanism (1) ciliary action, (2) bronchial peristalsis, and 
(3) cough. Bronchial peristalsis consists not only of changes in the diameter 
of the bronchial lumen but changes as well in the length of the bronchus dur- 
ins inspiration and expiration. In the overdisteuded lobe the bronchus is not 
only distorted by its new position but is relatively fixed and permanently 
elongated. The amount of foreshortening is reduced. Furthermore, the 
amount of residual or "stagnant” air is increased and the amount of tidal or 
•’movable” air is reduced. The effective eongh is dependent upon movable air. 
Therefore, not only is overdistention undesirable from a physiologic view¬ 
point but from a pathologic one as well. 

Obliteration of the dead space simultaneous tvith the segmental resection 
is done to avoid complications. When an obliterative pleuritis is present the 
adhesions may prevent the compensatory enlargement of the healthy compo¬ 
nents and a rather large space remains after the resection of two or more seg¬ 
ments. Tliis space may be obliterated in two ways: (1) by a small tailoring 
thoracoplastj- (eostectomy). and (2) by extraperiosteal plombage without rib 
removal. 

The small tailoring eostectomy removes short segments of second, third, and 
fotmh ribs posteriorl.v. The first rib may or may not be included. If not, the 
periostetun on its lower sitrfaee is mobilized with the others. The risk of the 
additional stu-gery and the paradoxical chest seems justifiable. 

The extrapei'iosteal plombage reduces scoliosis and the amount of para¬ 
dox. The procedure is the same as described except that the periosteum on 
the outer surface of the ribs is preserved, the ribs are not removed, and the 
extraperiosteal "plomb" may consist of (1) the patient's own subscapular col¬ 
lection of blood. (2) many sheets of Gelfoam, or (3) a plastic sponge encased 
ui a polyethylene bag. 

In obliterative pleuritis mobilization of the lower and middle lobes is not 
done when the preoperative flnoroseopy reveals good movement of the dia¬ 
phragm. Should the lobes be mobilized the diaphragm usually rises to follow 
their ascent into the thoracic vaitlt. The division of the many adhesions pro¬ 
vokes oozing and "sweating’’ of blood which may result in a hemothorax to 
bind and restrict diaphragmatic movement. The functional loss from a small 
tailoring surgical procedure in the thoracic vault is less than that due to 
diaphragmatic fixation. 


•ST.ITISTIC.VL AX.VLYSIS 


A series ot 300 conseciitive patients who had segmental resection for nul 

monary tuberculosis has been followed for one to five vears. At the present 

time < per cent are living and well. 3.3 per cent liifing uith disease and 3 
percent are dead (Table I). u uisease. and 3 
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Table I. Dhlvtiis. 9 (3%) 

Primary Operative —3 (1^ 

W. M. 2nd P.O. ? Coronfiry occlusion 
G. A. 4th P.O. Contralateral pneumonia 
W. P. 12th P.O. Lower nephron nephrosis 
Secondary Operative for Bronchopleural fistula—4 (1.3%) 
Other—2 (0.7%) 

A. hi. 9 mo. P.O. of Bronchopleural fistula 
G. S. 2 yr. P.O. of alcoholism 


The type of operative procedure was as follows: 210 (70 per cent) had 
segmental resection only; 32 (10.7 per cent) had lobectomy plus segmental 
resection; 31 (7 per cent) had bilobar segmental resection; 35 (11.7 per cent) 
had local excisions only; 2 (0.7 per cent) had right upper and middle lobec¬ 
tomies combined with resection of the superior segment of the right lower 
lobe. The significant major complications were bronchopleural fistula, tuber¬ 
culous emphyema, and spread (Table II). In addition one patient had hemor¬ 
rhage from a small pulmonary vessel and required reopening of the wound for 
ligation. Another patient required decortication twenty-four days after 
operation to obtain complete re-expansion of the lung. 

Table II. 300 Segmental Resections. Followed 1 to 5 Years 

Living and well 281 (93.7%) 

Living with disease 10 ( 3.3%) 

_ Dead _ 0 ( 3.0%) __ 

There were nine deaths (Table III). Three patients died as a result of 
the operation. Patient W. A., who was apparently progressing satisfactorily, 
died suddenly on the second postoperative day presumably from coronary 
artery disease. Autopsy did not definitely disclose cause of death. Patient 
Cr. A. did veiy ivcll for two days after operation. X-ray review at that 
time showed clear lung fields, but late in the afternoon of tlie second day the 
patient began to show signs of contralateral pneumonia. Death occurred two 
days later. Post-mortem examination revealed the contralateral lung to be 
heary, gelatinous, and essentially free of purulent secretions. Four patients 
died as a result of seeondaiy operations to correct bronchopleural fistula and 
tuberculous empyema: M. P. had hemorrhage from a subclavian artery which 
was involved in the tixberculous empyema. Control was impossible and he 
died two days later. D. G. died of an anesthetic accident after pneumonectomy 
had been completed for bronchopleural fistula, L. G. died nine days after 


T.vblb III. Major Complications 


1 NO. ] 

DEAP 

1 persistent I 

CO.VTUOLI.ED 

Bronchopleural fistula iQ 

(5.3%) 

5 

(1.7%) 


11 

(3.7%) 

Empyema 13 

(4.3%) 

5 

(2.7%) 

1 

(0.3%) 

(2.3%) 

3 

Spread 3 

^ ( 3%) 

(1.7%) 

10.3%) 

( 1%) 
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thoracoplasty and partial resection of the right lower lobe to correct broncho¬ 
pleural fistula. The fistula ivas controlled but the Hraited functioning lung 
tissue was not sufficient to support the patient. P. W. died after multiple pro¬ 
cedures to correct fistula which persisted. A. jM. died nine months postopera- 
tively ivith a persistent bronchopleural fistula. An acute bronchitis was the 
contributing factor to the final episode. G. S. had a segmental resection for 
tuberculosis and was well with negative culture and clear' x-ray films, but he 
was found dead in bed apparently due to alcoholism two years after operation. 


Table ly. Exacerbations. IS (6%) 


Resolved 



a. Antibiotics only 

5 

(1.7%) 

b. Additional surgery 

6 

( 2%) 

Persistent 

7 

(2.3%) 

Total 

18 

( 6%) 


There have been eighteen exacerbations in the entire series (Table IV). 
Eleven have resolved rvith further surgery or antibiotic therapy; seven per¬ 
sist. About two-thirds of these occurred immediately or •within the first six 
months and the remainder at scattered later intervals after operation. The 
late exacerbations have not represented a serious problem in these patients. 

Eight patients had planned bilateral resection and two required un¬ 
planned contralateral resection for pre-existing disease. 


SUMMARY 

1. The basic pathology of tuberculosis is an indolent pneumonia which 
may (1) resolve, (2) fibrose, or (3) caseate. Usually all three elements are 
present in every lesion. 

2. The basic physiology is not significantly changed by segmental resec¬ 
tion, because only the diseased components are removed and compensatory 
mechanisms have already been effected. 

3. The indication for segmental or subsegmental resection is a fibro- 
caseous lesion ivith or without cavitation confined to one or two segments of 
a lobe, but still large enough that mature clinical opinion is doubtfid of the 
patient’s future security. 

4. The preoperative preparation is the same as for any major operation 
with special attention to laminography and especially the lateral laminography 

0 . An anatemic segmental resection is done for moderate and far-advanced 
esions. In mmunal lesions a wedge resection or local enucleation is possible 
aubsegmental resections may also be done anatomically. 

6. Postoperative care must be vigilant. Patent airways (intratracheal sue 
tion), the control of pain, the use of antibiotics, the obliteration of dead space 
by complete re-expansion of the lung using active suction and checked bffre 
quent pos operative x-ray examinations are important to a successful result 

L Tuberculosis is usually bilateral though not bilaterally active Onlv 

the ma.ior active focus is removed by segmental resection TLo ; ^ 

other foci is dependent upon the size and location Antpri 
hazardous than those posteriorly. ' * foci are less 
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8. The problem of overdistentioii is not great after segmental resection, 
bnt obliteration of the dead space is essential to success. Occasionally a 
periosteal plombage procedure without resection of the ribs is done in defer¬ 
ence to this principle. 

9. In obliterative iileuritis mobilization of the lung is not done when the 
preoperative fluoroscopy reveals good diaphragmatic movement. The func¬ 
tional loss is less if a small tailoring surgical procedure is done in the thoracic 
vault. 

The.se patients were operated upon by us or members of hospital staffs trained by us 
in order to standardize the technique. Alany cases were done on Dr. Berry’s service at 
Bellevue Hospital, Dr. jUiscall’s service at Triboro Hospital, and the rest were done at 
St. Albans Haval Hospital, Halloran Veterans Administration Hospital, Nassau County Sana¬ 
torium, Brooklyn Thoracic Hospital, and Doctors Hospital. We are grateful to the medical 
staffs in these hospitals who were mainly responsible for tlie selection of these cases and for 
their management and rehabilitation after surgery. 
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DISCUSSION 


DB. AAEON HIAIAIELSTEIN, New York.—^I should like to review the early com¬ 
plications as compiled by Dr. Vaughan and myself from the records of the chest surgical 
service at Bellevue Hospital in the resections for tuberculosis from October, 1949. through 
December, 1952. Some of the segmental resections in that group are in Dr. Chamberlain’s 
group, but they also include some of his cases done after the closing date of his series. 
Almost all these operations were done by the resident surgeons supervised bv a member of 
the staff. 


There are 139 lobectomies or pneumonectomies—101 lobectomies and 38 pneumonec¬ 
tomies. In this group there were eight fistulas, two in the pneumonectomy group, the rest 
in the lobectomy group. Each fistula usually gave us a problem of spread, and the deaths 
Mere in large measure in this group. We h,ad ten .spreads and six deaths. There were 
ninety-four segnientals, sixty-four of which were just segments, fifteen were just wedges 

one was a lobe and a wedge, and fourteen were lobe and segments. “ ’ 

We have been more rigid in our criteria for selecting a case as havinr. deve!nn„G 
a fistula than Dr. Chamberlain was; we have included the group that he called leaks 
oweier, I think there is a distinct difference between them cliiiicallv. Leaks that come 
from the surface of lung that has been opened up, apparently do not prtn\ fhe o^^^r 
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tuuit}'" for gross microbial contamination of the pleural space that is present with a leak 
at the stump of a bronchus. They do not go on frequently to develop empyema. Clini- 
cally I think that has been true and I agree with what Dr. Chamberlain said about these 
leaks. However, we have included all of them as llatulas, and we have twelve in the 
group of ninety-four segmentals. Four of those were in the group of lobes and segments 
and sis were in the segments alone. There were two deaths in this group; one was due 
to a proved pulmonary embolus and the second we presumed was a pulmonary embolus 
although we have no proof by autopsy. Both wore in the early postoperative period. 

DR. NORJIAN^ WILSON, Brookline.—should like to congratulate Dr. Chamberlain 
and his co-workers, not only for their excellent results but to pay tribute to them as pio¬ 
neers in the use of segmental resection in the treatment of tuberculosis. We all owe a 
great debt to them. I should like to toll you of some of the lessons wo have learned from 
studying a largo series of resections throughout the years, because I think tliat even 
tliough this is a very suecessful form of treatment in seleeted cases of tuberculosis, if 
that selection is violated, the amount of trouble encountered will bo very great. To show 
what I mean, if we separate in our follow-up series those cases which represent primary 
surgical treatment early in the course of their disease with intelligent timing with regard 
to drug treatment, wo find that 91 per cent of the segmental resections are well in the 
follow-up study. But if wo take those “second-hand” patients who have had other forms 
of treatment, who have uuexpaudable lungs, who have had numerous spreads while lying 
in bed with unsuccessful thoracoplasties for many j’ears, before segmental resection is 
used (often times as a salvage procedure) then we find that only 50 per cent in the follow¬ 
up study are well. 

It would bo of interest to me to know what percentage of Dr. Chamberlain’s cases 
are primary and what percentage are secondary. You will note that two of the series of 
cases discussed here this morning represented almost 100 per cent primary treatment oases 
and this is reflected in the good results reported in their follow-up studies. 

We have tried to develop basic fundamental concepts in approaching this problem. 
In our e.xperience the fundamental requirements which must be observed when using seg¬ 
mental reaction, if good results are to be anticipated, are as follows: (1) An adequate 
pidmonary reserve, (2) the oifending lesion to bo resected is within the unit of lung 
which one intends to resect bo it lobe, segment, or lung, (3) that the surgical approach be 
the primary approach to the problem, (4) that rest and medical treatment liave been used 
to adequately prepare the patiout for this procedure. 

If these fundamental concepts are adhered to, the results will be good. If they are 
violated, results will bo bad. You will note how carefully Dr. Chamberlain lias used lateral 
laminography to rule out other offending lesions, and I am sure ho considers this to bo 
very important and I agree with him ozi that point. I think it is extremely important not 
to translate the results of segmental resection representing such ideally selected cases into 
the experience of those of you who will have to tackle “second-hand” cases, bec.auso the 
problems are entirely different. 

DR. E. J. O'BRIEN, Detroit.—It is not easy to take any exception to such a splendid 
presentation. You have just heard of seven deaths in a series of 300, which is certainly 
very small. It is a very diflicult paper to discuss because Dr. Chamberlain did not put 
his neck out verj^ far. Ho showed us a few roentgenograms of patients who were operated 
upon, but what amount of disease the other patients in the group of 300 had, he docs not 
say. What is bothering me is that his five-year resume began long before the use of long¬ 
term chemotherapy. I cannot understand it. I know what an excellent surgeon Dr. 
Chamberlain is and I certainly do not question his results, but it rather adds to the chaos 
I mentioned this morning. I cannot quite visualize how segmental resections can be used 
in extensive pulraonarj- lesions without long-term chemotherapy and have such results as 
ho quotes, and I cannot understand either how he differentiates spreads from reactivations. 
The mere' fact that the preoperative film did not show these lesions does not mean a thing 
to me, because there are many lesions found at the operating table that were not suspected 
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preoperatively. And it is in these areas that we have frequently seen reactivation. Seven 
deaths are not very many, but we do not know that any of these were necessary. I 
showed d03 cases this morning ndthont any treatment other than chemotherapy, and there 
were no deaths; just five reactivations and two of those had no change in the x-ray ap¬ 
pearance. Thev were called reactivations because of one or two positive cultures which 
could not be verified after long rehospitalization. 

I would like to repeat once more what I said this morning, that the results from 
resection of so-called *‘nubbins,’’ as X described small residues after long-term chemo- 
therapv, are meaningless, and I should like to know how many of his patients had or 
would have had “nubbins” if chemotherapy had been used in continuous long-term treat¬ 
ment previous to resection. We cannot know what would have happened to such lesions 
had they not been disturbed. 

But it is an interesting paper, or what we have heard of it was, and I certainly 
want to congratulate him on the results if they were obtained from active disease with¬ 
out long-term chemotherapy. X wish X were that good a surgeon. 

DK. CH-AMBERLAXX (Closing).—Dr. Himmelstein made a good point on fistulas. 
Xf we added our "late leaks” to the bronchial fistulas that we had, our figures would be 
essentially the same, approximately 10 per cent. Xu other words, we had 6 per cent bron¬ 
chial fistulas and about the same number of “late leaks,” 10 to 12 per cent in all. 

Dr. Xorman Wilson made some excellent points. We have come to the same con¬ 
clusion, that whenever the indications for segmental resection are extended we were 
likely to get into trouble. As X pointed out, the majority of the patients who died bad 
diffuse disease and poor functional reserve. We were trying desperately to salvage these 
patients by a minimal-sized operation for a maximum amount of disease. The operation 
cannot be extended too far. It is a segmental operation by name and the disease must be 
segmental in distribution. 

Dr. O’Brien make two very excellent points. When we staned this study we did 
not have chemotherapy, and at St. Albans Hospital we did twenty-six consecutive cases 
without chemotherapy. We found that those cases, in comparison with a similar number 
at Halloran Hospital, gave us essentially the same results. But that does not prove too 
much becaue they were carefully selected cases. This operation is not a dangerous one 
if the indications are proper. We are the first to admit that only the essential focus is 
removed and that we must attend carefully to the basic principles of postoperative man¬ 
agement, such as obliteration of dead space by maintaining re-expansion. Because we 
know postoperative management, we are not hesitant to operate upon patients whose 
organisms have developed resistance to the antibiotics. We believe that antibiotics are 
no substitute for the basic principles of surgical management. 

Dr. O’Brien’s other point was an excellent one, too. X am inclined to agree with 
him in his differentiation of spreads and reactivations. He has made an astute observa¬ 
tion. We all know we cannot see all the foci in the .x-ray films that we discover at opera¬ 
tion and probably some of the lesions we have called spreads may have been reactivations 
If you wish, then the spreads may simply be added to the reactivations to "et the total 
figure. ^ 
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tuuity ±or gross microbial contamination of the pleural space that is present with a leak 
at the stump of a bronchus. They do not go on frequently to develop empyema Clini¬ 
cally I think that has been true and I agree with what Dr. Chamberlain said about these 
leaks However, v,o have included all of them as fistulas, and we have twelve in the 
group of ninety-four segmentals Tour of those were in the group of lobes and segments 
and siv were in the segments alone. There were two deaths in this group; one was due 
to a proved pulmonary embolus and the second wo presumed was a pulmonary embolus 
although vve have no proof by autopsy. Both wore in the early' postoperative period. 


DR NOEAlAlN’' WILSON, Brookline —should like to congratulate Dr. Chamberlain 
and his co workers, not only ioi their excellent results but to pay' tribute to them as pio 
iieers in the use of segmental resection in the treatment of tuberculosis. Wo all ow'e a 
great debt to tlioin. I should like to toll you of some of the lessons wo have learned from 
study'ing a large senes of resections thioughout the y'eais, because I think that even 
though this IS a very successful form of tieatmont in selected cases of tuberculosis, if 
that selection is violated, the amount of trouble encounteied will be very' great. To show 
W'hat I mean, if we separate in our follow up series those cases which represent primary 
suigical treatiiient early in the course of their disease with intelligent timing with regard 
to drug treatment, wo find that 91 per cent of the seginontal lesoctioiis are well in the 
follow up study'. But if we take those “second h.uid'’ patients who have had other forms 
of tieatmont, who have uiiexpandablo lungs, w'ho have had numerous spreads while lying 
in bed with unsuccessful thoracoplasties foi many' y'ears, before segmental resection is 
used (often times as a salvage pioceduie) then wo find that only' 50 iier cent in the follow 
up study are well. 

It would bo of interest to mo to know' what pereentage of Dr Chainborlain’s cases 
are piimary' and what peiceutago are secondary' You will note that two of the senes of 
cases discussed hoie this moriiiiig lopiesented almost 100 pei cent primaiy treatment cases 
and this is reflected in the good lesults reported in thou follow up studies 

We have tried to develop basic fundamental concepts in approaching this problem 
In our expelleiico the fundamental roquirements which must be observed when using seg 
mental reaction, if good results are to be anticipated, are as follows. (1) An adequate 
pulmonary' leseive, (2) the oilendiiig lesion to be u'-oeted is within the unit of lung 
which one intends to resect bo it lobe, segment, or lung, (6) tli if the surgual approiili be 
the primary approach to the problem, (I) that rest and inedual tri itineiit hive bieii used 
to adequately prepare the patient for this procedure 

If those fundamental concepts are adhered to, the results will bo good If they' are 
violated, results w'lll bo bad. Y'ou will note how carefully' Dr Chaiiiberlaiii has used lateral 
lariinography' to rule out other ofteuding lesions, and I am sure lie considers this to bo 
very important and I agree with him on that point. I think it is extieinelv important not 
to translate the results of segnient.il resection representing such ideally selected cases into 
the experience of those ot you who will have to tackle “second hand” cases, because the 
problems are entiiely' dilforoiit 


DR E. J. O’BRIEN", Detroit—It is not easy' to tike any exception to such a splendid 
presentation. You hav'o just heard of seven de.ilhs in a series of 300, which is certainly' 
very' sm.ill. It is a v'ery diflicult paper to discuss because Dr Cliamberkiin did not put 
his neck out very' far. Ho showed us a few roeiitgenogiains of patients who wore operated 
upon, but what aiiiount of discise the other p.itients iii the group of 300 had, ho does not 
say What is bothering me is that his five yen resume began long before the use of long 
term chemotherapy'. I cannot understand it I know what an excellent surgeon Dr 
Chamberlain is and I certainly do not question his results, but it rather adds to tlio chaos 
I mentioned this morning I cannot quite visualiac how segmental resections tan be use 
in extensive pulmonary lesions without longterm cheinotherupy and have such results as 
he quotes, and I cannot understand either how he differentiates spre ids from re ictivations 
The mere’fact that the preoperative film did not show these lesions does not mean a thing 
to mo, because there are niaiiy lesions found at the operating table that were not siispecte 



CHAilBERI^UX ET AL.: SEGIIEXTAL. RESECTIOX FOB TDBEKCCLOSIS 


4S5 


preoperatively. And it is in these areas that we have frequently seen reactivation. Seven 
deaths are not very many, but we do not know that any of these were necessary. I 
showed 403 eases this morning without any treatment other than chemotherapy, and there 
were no deaths; just five reactivations and two of those had no change in the x-ray ap¬ 
pearance. They were called reactivations because of one or two positive cultures which 
could not be verified after long rehospitalization. 

I would like to repeat once more what I said this morning, that the results from 
resection of so-called ••nubbins,” as I described small residues after long-term chemo- 
therapv, are meaningless, and I should like to know how many of his patients had or 
would have had •‘nubbins” if chemotherapy had been used in continuous long-term treat¬ 
ment previous to resection. We cannot know what would have happened to such lesions 
bad they not been disturbed. 

But it is an interesting paper, or what we have heard of it was, and I certainly 
want to congratulate him on the results if they were obtained from active disease with¬ 
out long-term chemotherapy. I wish I were that good a surgeon. 

DB, CHAilBEBLAIX (Closing).—Dr. Himmelsteia made a good point on fistulas. 
If we added our ••late leaks” to the bronchial fistulas that we had, our figures would be 
essentially the same, approximately 10 per cent. In other words, we had 6 per cent bron¬ 
chial fistulas and about the same number of ‘‘late leaks,” 10 to 12 per cent in all. 

Dr. Borman Wilson made some excellent points. We have come to the same con¬ 
clusion, that whenever the indications for segmental resection are extended we were 
likely to get into trouble. As I pointed out, the majority of the patients who died had 
diffuse disease and poor functional reserve. We were trying desperately to salvage these 
patients by a minimal-sized operation for a maximum amount of disease. The operation 
cannot be extended too far. It is a segmental operation by name and the disease must be 
segmental in distribution. 

Dr. O'Brien make two very excellent points. When we started this study we did 
not have chemotherapy, and at St. Albans Hospital we did twenrv-six consecutive cases 
without chemotherapy. We found that those cases, in comparison with a similar number 
at Halloran Hospital, gave us essentially the same results. But that does nor prove too 
much beeaue they were carefully selected cases. This operation is not a dangerous one 
if the indications are proper. e are the lirst to admit that onJv the essential focns is 
remot ed and that we must attend carefully to the basic principles of postoperative man¬ 
agement. such as obliteration of dead space by maintaining re-expansion. Because we 
know postoperative management, we are not hesitant to operate upon patients whose 
organisms have developed resistance to the antibiotics. We believe that antibiotics are 
no substitute for the basic principles of surgical management. 

excellent one, too. I am inclined to agree with 

in his differentiation of spreads and reactivations. He has made an astute observa¬ 
tion. We all know we cannot see all the foci in the x-ray films that we discover at opera¬ 
tion and probably some of the lesions we have called spreads m.ay have been reactivations. 
It you -msh, then the spreads may simply be added to the reactivations to get the total 
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A LTHOUOH not the first to perform decortication of the heart, SclimiedeiT 
was early to acquire an experience with the procedure, and in 1926 recom¬ 
mended a regimen of dehydration by limitation of fluid intake and aspiration 
of jileural fluid in the preparation of such patients for surgery. Subsequently 
others have advised the preoperative removal of excessive fluid accumulations, 
some by more vigorous measures which have included the use of diuretics and 
a rigid restriction of sodium intake.-’’ 

It is not surprising that attempts to rid the body of a substance so im¬ 
portant to homeostasis as sodium*' ” might occasionally work to a disadvantage, 
and such a situation arising during the treatment of congestive heart failure 
has been described and recently named “the low salt syndrome.’’’'’ Peters" has 
pointed out that with a low concentration of sodium in the extracellular fluid, 
the cells of the tissues take up water and secondary disorders occur, chief of 
which is circulatory failure. He has also observed and emiihasized that ill 
effects from sodium depletion can occur in the presence ol' edema, when the 
concentration of sodium in the serum and extracellular fluids is low, and even 
■when the total quantity of sodium in the body may be excessive. 

While performing certain metabolic and physiologic studies on two im- 
tients before, during, and after pericardial resection for constrictive pericarditis, 
we were amazed to find that one, a chronically ill, little 54-year-old man with 
advanced pulmonary silicotubcrculosi.s, tolerated the operation well, while the 
other, aged 27 years, previously vigorous, but still muscular and strong in ap¬ 
pearance, had a period of hypotension and oliguria for two da.vs after opera¬ 
tion and was generally slow to recover altliough his ultimate result was excel¬ 
lent. In reviewing our observations we have been cliiefly impre.ssed by the 
fact that though both men demonstrate evidence of a disturbed sodium metab¬ 
olism, the aberrations were more severe in the younger man, and we believe they 
eontributed considerably to the postoperative instability of his eireulatory .sys¬ 
tem. 

IIKTIIODS 


The patients were studied on the Jletabolic Service during the •■balance 
period. Fluid intake and urinary output were carefully supervised. .Standard 
techniques in metabolic studies were employed.*- All food was jirepared and 
served b.v the metabolic dietitian, refu.sals were weighed, their contents calculated 
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and subtracted from the daily intake. The contents of tlie daily food intake for 
various constituents were calculated from acceptable tables.’^'^® Check analyses 
were performed and these agreed with the calculated values within acceptable 
limits.'" The patients were weighed daily in the fasting state. Individual urine 
specimens were voided into chemically clean Erlenmeyer flasks and pooled into 
twenty-four hour specimens which ivere kept under toluene and refrigeration 
until analysis could be accomplished. Urine, serum, and thoracentesis fluid 
sodium were determined by gravimetric procedure'* and flame photometry; 
urine, serum, and thoracentesis fluid potassium by a titrimetric procedure'” and 
flame photometry; urinary nitrogen by the macro-Kjeldahl method'"; serum 
chloride by titrimetric means"®’"' serum bicarbonate by the nianometrie Van 
Slyke method"®; hematocrit by the method of Wintrobe"® corrected"'; specific 
gravity of blood and plasma by the copper sulfate method"”; blood, cell, and 
plasma volumes were determined with T-1824"'' and the hematocrit. Serum 
proteins and thoracentesis fluid protein were determined by sodium sulfate iire- 
eipitation and micro-Kjeldahl nitrogen determination."' 

‘‘Balance” as here used is the output of a constituent in relation to its 
intake for a twenty-four hour period. The intake is the sum of oral and paren¬ 
teral intake (see later material for blood); the output is the sum of urinary 
output, loss through vomitus, estimated blood loss at operation and by removal 
of blood for analysis; fecal output, losses through sweating, insensible loss 
are not included. Neither patient had diarrhea; both operations were performed 
during cool weather. The volume of blood loss at operation was estimated; 
the blood loss by venipuncture for analysis was measured. The method of 
iloore and Ball"" was used to calculate the amount of sodium, potassium, and 
nitrogen which transfusions and blood losses contributed to the “balances.” 
The concentration of the various constituents lost by all blood losses was cal¬ 
culated on the basis of the following: a hematocrit of 44 per cent, a cell sodium 
content of 1‘2.7, a cell potassium content of 103.6, and a cell chloride content of 
48.2 uieq. per liter; a serum sodium content of 140.8, a serum potassium con¬ 
tent of 4.0, and a serum chloride content of 104.1 meq. per liter. These values 
are based on analyses performed in our laboratory on “normal” blood by one 
of us (A. Y.)."® Thus, 1,000 ml. of blood lost would contain in the red blood 
colls of this liter; sodium 6 meq., potassium 46 meq. and chloride 21 meq.; in 
the serum, S3 mccp sodium, 2 meq. potassium and 59 meq. chloride. 

The amounts of the various constituents given by transfusion of bank 
blood (blood + ACD solution) were calculated from analysis of two representa¬ 
tive samples of bank blood. The average values of these analyses were; hemato¬ 
crit 41 per-cent, plasma sodium 47, cell sodium 6, plasma potassium 5, cell 
potassium 17, plasma chloride 21, and cell chloride 15 meq. per transfusion unit 
(average 565 ml.). 


In computing fluid intake and output, blood loss was not included because 
the imumnt.s withdrawn for various tests were relatively small, and the estimated 
opeiatne blood lo.ss was replaced by transfusion. 

The amount of the various con.stituents lost'in the thoracenteses was cal¬ 
culated lion, analyses in mo.st ,n.stance.s. in a few, the amount of .sodium and 
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A lthough not the first to perform decortication of the heart, Schmieden' 
was eaily to acquire an expei-ienee witli the procedure, and in 1926 recom¬ 
mended a regimen of dehydration by limitation of fluid intake and aspiration 
of pleural fluid in the preparation of such patients for surgery. Subsequently 
others have advised the preoperative removal of excessive fluid accumulations, 
some by more vigorous measures wliieh have included the use of diuretics and 
a rigid restriction of sodium intake.-'' 

It is not surprising that attempts to rid the body of a substance so im¬ 
portant to homeostasis as sodium*- might occasionally work to a disadvantage, 
and such a situation arising during the treatment of congestive heart failure 
has been described and recently named “the low salt syndrome.”"* Peters" has 
pointed out that with a low concentration of sodium in the extracellular fluid, 
the cells of the tissues take up water and secondary disorders occur, chief of 
which is circulatory failure. He has also observed and emphasized that ill 
effects from sodium depletion can occur in the presence of edema, when the 
concentration of sodium in the serum and extracellular fluids is low, and even 
when the total quantity of sodium in the body may be excessive. 

While performing certain metabolic and pliysiologic studies on two pa¬ 
tients before, during, and after pericardial resection for constrictive pericarditis, 
we were amazed to find that one, a chronically ill, little 54-year-old man with 
advanced pulmonary silicotuberculosis, tolerated the operation well, while the 
other, aged 27 years, previously vigorous, but still muscular and strong in ap¬ 
pearance, had a period of hypotension and oliguria for two days after opera¬ 
tion and was generally slow to recover although his ultimate result was excel¬ 
lent. In reviewing our observations we have been chiefly impressed by the 
fact that though both men demonstrate evidence of a disturbed sodium metab¬ 
olism, the aberrations were more severe in the younger man, and we believe they 
contributed considerably to the postoperative instability of his circulatory sys¬ 
tem. 

METHODS 


The patients were studied on the Metabolic Service during the “balance 
period. Fluid intake and urinary output were carefully supervised. Standard 
techniques in metabolic studies were employed.'- All food was prepared and 
served by the metabolic dietitian, refu.sals were weighed, their contents calculated 
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Physical examination revealed a chronically ill, poorly developed, and pomdy 
nourished little man who looked considerably older than his stated years. The 
neck veins were engorged. There was dullness at the right base below the angle 
of the scapula. The liver was S cm. below the costal margin. There was in¬ 
duration, enlargement, and tenderness of the lower pole of the left epididymis. 
Both lobes of the prostate were indurated and fixed. There was a nontender, 
firm, nodular, mobile mass in the region of the left seminal vesicle. The blood 
pressure was 108 to 120/90, paradoxical, weight 5/ kilos (125^ pounds). 

Lahoratonj Bata .—Ilemogram was ivithin normal limits, sedimentation rate 
19 mm. per hour (IVestergren); venous pressure was elevated to 240 mm. of 
saline. Roentgen examination of the chest showed disseminated nodular den¬ 
sities throughout both lung fields with numerous small calcifications and pleural 
thickening at the right base. At the right apex there was an increase and some 
contlueuce of the nodularities suggesting an active tuberculous process. On 
lluoroseopy cardiac pulsations were diminished. Excretory urograms were 
normal except for elevation of the bladder floor consistent with prostatie en¬ 
largement. Sputum and urine cultures were positive for tubercle bacilli. 

lie was digitalized without loss of weight and after five days this medica¬ 
tion was discontinued. On a low salt diet (2 Gm. sodium cliloride) and mer¬ 
curials he lost 5.5 kilos in one week, He required one mercurial injection a week 
to maintain this weight level. Streptomycin, 1 Gm., was begun Peb. 21, 1950, 
and given daily for 120 days. Pei’icardial resection by a left transpleural ap¬ 
proach was performed on February 27, and a satisfactory decortication obtained. 
The patient tolerated the procedure well and immediate convalescence was 
uneventful although ultimate rehabilitation has been poor because of senescence, 
silicotuberculosis, and limited movement of the left shoulder associated with 
pain in the thoracotomy wound. 


CLINICAL OBSERV.VTIONS 

The immediate response of the two men to operation ivas in direct contrast 
to their general appearance. D. T., the young game warden, came to the oper¬ 
ating room with his normal blood pressure of 120 to 125/80 to 90 mm. mercury 
dein-essed by preoperative medication to 100/65. It returned to the normal 
level following induction, but after one hour and a half began to rise in stages, 
reaching 150/90 about an hour later; it remained at that level for forty-five 
minutes then began a gradual decline o\er the next six hours, falling below 
100/60 as he left the operating room to an unstable range of 50 to 60/30 to ?? 
(Fig. 1). Ill spite of four blood transfusions hypotension developed and per¬ 
sisted for forty-eight houis. The night following ojieration wa.s particularly 
cniieal. The margin between shock and pulmonarj- edema was so narrow 
that despite every effort and attention of the staff he developed both. There 
was oliguria to the extent that only 55 e c. were produced the dav of operation 
. 3,) e.c. the day lollowing, and 975 c.e. the next day in .spite of’corresponding 
Ihnd mtake ot 3,8.10 c.e., 7,700 c.e. and 5,430 e.c. (Table 11). 

The pos.sibility that a deficiency of sodium was a factor in this comple.x 
cluneal jneture was considered at the lime, and during the first night l, 72 o\c. 
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potassium was calculated from average values of the Donnan ratios, serum con¬ 
centrations, and assumed “normal” water concentration of the serum.^" 

Venous pressures were determined according to the procedure of Lyons and 
his associates.^* Arm-to-tongue circulation time was done in duplicate using 
3 c.e. of 20 per cent sodium dehydroeholate intravenously. 

CASE REPORTS 

Case 1.—D. T., a 27-year-old game warden, was admitted Sept. 19, 1949, 
for the surgical relief of constrictive pericarditis. Previously healthj'^, one year 
and a half before he had developed an acute pericarditis with effusion for which 
he was first admitted. Followed closely since, he improved slowty over a period 
of several months, and was able to return to work with some restriction of 
activity. Six months prior to operation, dyspnea and edema recurred and 
progressed, eventuallj’- requiring hospitalization. There was a right pleural 
effusion, elevated venous pressure (295 cm. water), an enlarged liver, ascites, 
and heart of normal size with diminished movement. Fibrous constriction ap¬ 
peared to be developing. Decortication was recommended but deferred by the 
patient. Bed rest, diuretics, a limited salt intake (2 Gm. sodium chloride or 34 
meq. sodium per day), and a right thoracentesis (1 L.) effected a weight loss of 
9.5 kilos (21 pounds.) in six days to 80.8 kilos. The patient went home on the 
same low sodium diet to which, with two admitted infractions, he adhered for 
the 10-week period prior to operation. 

Physical examination revealed a husky, muscular young man wlio did not 
appear acutely ill. There was evidence of fluid in the right pleural cavity below 
posterior D6. The liver was 8 em, below the costal margin, and there were 
signs of some free abdominal fluid. There was no peripheral edema. The 
blood pressure was 120/70, weight 86 kilos ( 189 % pounds). 

Deeoi’tieation of the heart was performed Sept. 28, 1949, through a left 
transpleural approach. Pleural adhesions were dense and vascular. All intra¬ 
pleural and inti'aperieardial structures were red and swollen, causing a wide¬ 
spread ooze difficult to control, resulting in more than the ordinaiy loss of blood. 
Although in the immediate postoperative period he developed hypotension and 
oliguria, later convalescence was satisfactory, and now, four years later, he 
works strenuously as a game warden and denies any physical limitation what¬ 
soever. 

Case 2.—J. L., a 54-year-old man, was admitted Dec. 8, 1949, because of 
anorexia, weight loss, and fever. He had worked as a sandblaster and stone 
cutter for thirty-five years, most of the time without adequate protection. After 
a chest film four years before he was told he had “spots on his lungs.” Four 
months prior to admission he was acutely ill with substernal pain and fever of 
105° F. A diagnosis of acute pericarditis was made at another hospital. Two 
months before admission he became jaundiced and developed upper abdominal 
discomfort, chiefly after eating; this resulted in a loss of appetite. After two 
weeks the jaundice cleared but the other symptoms persisted and an evening 
fever was detected. 
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of physiologic saline was given between inidniglit and morning (Fig. 1). Al¬ 
though the blood pressure level improved, the development of pulmonary edema 
necessitated discontinuance of the venoelysis for about four hours. On the first 
postoperative day, he was given 1,900 c.c. of physiologic saline and took some 
fluids by mouth, receiving 310 mcq. of sodium that day, still without stabilizing 
his blood pressure. On the second postoperative day he was given 2,000 c.c. of 
saline containing 310 uieq. of sodium. Late in the afternoon, tlie serum sodium 
level on blood drawn that morning was reported to be 123.2 meq. per liter. 



Fig. 1.—The blood pressure, hematocrit, and fluid intake of the patient in Case 1 (ht the 
operative day starting: at S:00 a.m. HCT = hematocrit; S. CJ. = hematocrit determineti irom 
the specific gravity of blood and plasma. (See reference 25. ) 

It was then decided to give h.vpertonic saline, and 200 c.e. of a 4 per cent solu¬ 
tion of sodium chloride containing 123 nie;|. of sodium was injected by intra¬ 
venous drip. From the clinical standpoiiit this was tlie turning point in the 
course. The patient soon looked and felt much better, tlie blood pressure be¬ 
came more stable, and he was not hypotensive again. Urine volume increased 
during tlie night and was copious the next day (Fig. 4, and Table II). 

J. L., the frail elderly man with silicotubcrciilosis, came to the oiierating 
room with his normal blood pressure of 100 to 110/70 to 80 essentially nn- 
ehanged. Following induction it stabilized at 120/90, wliere it remained for 
two hours before declining to 100/80; lie responded to transfusion after an 
hour and left the operating room at a level of 110/70. During the next tweiifj- 
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conservation and lost 750 meq. of sodium (44 Gm. of salt) in three sliest taps 
There was an associated loss of S kilos (ITV^ poun^) body weight (Tiibles 
and III). Eepeated thoracenteses following operation produced a furthei oss 
of 590 meq. of sodium and on one occasion, the first postoperative day. accounted 
for a loss of nearly 200 meq. of sodium when aii attempt was being made to 
treat sodhnn deficiency by gufing 300 meq. intravenously, resulting in a net gam 
to the body that day of only 100 meq. of sodium. 

A comparison of the daily urinary sodium excretion patterns in these two 
patients reveals the following; 1. the patient in Case 1 was initially excreting 
more sodium than he took in and this occurred at a relatively ••iiormar level 
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of intake. The patient in Case 2 excreted insignificant amounts of sodium on 
a low intake, and thh icmaincd con;.tant throimhout the preoperative period 
with tlic e.vception of the clearaiu-e day. 2. The patient in Ca.se 1 dccrea'sed 
daily MKl.nm urinary ontjuu when intake wa. ,„arkediy reduced, but tinse 
!e\els wcie never .<=o low as those in Case 2 on approximately the same level of 
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four hours his condition was good and continued to improve. The blood pressure 
ranged over 105 to 120/SO to 60, never dropping below 100 systolic. Urine out¬ 
put ivas 630 c.e. the day of operation (all postoperative) and 1,000 e.c. and 
1,175 c.c. the two following days (Table III). 



D.W.T, 22936 


Pig-. 4.—Urine volume, daily urinary sodium excretion, and daiU' sodium intake of the 
patient in Case 1. The operative day and the days of Jlercuhj'drin Sodium Soiution adminis¬ 
tration are noted at the bottom of the iigure. 

L.VDOKATORV OBSERV.VTIOiNiS 

Data obtained are arranged in tabular form and presented in Tables I 
to VII. See pages 495 to 500. 

The most striking difference between the two cases, in whicli Case 1 com¬ 
pared unfavorabl}', was in tlie metabolism of sodium. This is brought out most 
forcefully bj^ adding and subtracting the day to day sodium balances of each 
of the men and presenting the excess or deficit from tlie beginning of the balance 
study to any one day in the study period as a simple figure of sodium credit or 
debit (Pigs. 2 and 3 and Table I). 

It can be seen tliat ivhereas the patient Case 2 had within his body on the 
morning of operation some 240 meq. of sodium more than at the beginning of the 
study, the patient in Case 1 came to the operation witli 950 meq. of sodium less. 
Both men were on low sodium diets and had been for two months prior to the 
study. Whereas the patient in Case 2 excreted little sodium in urine, suffered 
no major losses, and was able to gain 150 meq. during a test of renal function 
with sodium hippurate, the patient in Case 1 did not effect at first any I’ciial 









. -«• tti c*»Y» M' <'\lt^ ill ilu'GC chest tiips. 

conservation and tuosTl^V' pounds) body weight (Tables II 

There was an associated loss oi 8 luh^s t /- I produced a Inrther loss 

to the body that excretion patterns in these two 

A eompanson o£ the dad> Case 1 was initially excreting 

this Recurred at a relative,y “normal” level 


SOOCL ___ 

AOOOj ’-- 

30ocj‘ jell'volume 



of intake. The patient in Case 2 excreted insignificant amounts of sodium on 
a ‘Tow” intake, and this remained constant throughout the preoperativc period, 
with the exception of tlie clearance day. 2. The patient in Case 1 decreased 
daily sodium urinary output when intake was markedly reduced, but these 
levels were never so low a.s tho.se in Case 2 on approximately the same level of 
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intake. Tiie response Avas luidoubtedlj’- influenced tlie administration of 
diuretics. 3. Tiie opera tii’e day in both patients is characterized by very low 
lei'cls of sodium output in relation to intake. HoAvever, the patient in Case 1 
manifested an anuria, 55 c.e. output, Arhile the patient in Case 2 showed onbv a 
reduction of urine volume from the preoperative level. 4. During the first five 
and four days after operation, both patients showed reduced dail}' urinary 
sodium excretion. 

Data relative to the potassium •‘balances” in these patients Avill be found 
in Tables IV and V. There ivas a slightlj* negative potassium balance imme- 
diateh- before operation in Case 1 in contrast to Case 2 which was in a slightly 
positive potassium balance. On the operative day, the patient in Case 1 shOAved 
a slightl.A' positiA'e balance, because of anuria and transfusions, AA’hile the patient 
in Ca.se 2 shoAA’ed a negatiAm balance. After operation, the immediate potas¬ 
sium balance was positiA'e in Case 1 and negative in Case 2. The patient in 
Case 1 then remained in a slightlj' iiegatiA'e potassium balance in contrast to the 
patient in Case 2 aa'Iio returned to a slightly positive balance. The potassium 
balance in Case 2 is more typical of that encountered ui patients undergoing 
a similar degree of surgical trauma than is the balance in Case 1.-* The pattern 
of the potassium balance in the patient in Case 1 AA'ith a normal serum potas¬ 
sium in the immediate postoperath'e course AA'ould appear to rule out potassium 
depletion as an important etiological factor contributing to the abnormalities of 
the postoperatiA’e course. The serum potassium of the patient in Case 2 reached 
its loAA'est levels at a time A\'hen the positive potassium balance Avas being estab¬ 
lished. 

Data relatiA'e to the nitrogen balance in both patients are giA’cn in Tables 
JY and V. There AA'as a negative nitrogen balance in Case 1 immediately be¬ 
fore operation Avhich AA'as in part due to a therapeutic change in diet and nitro¬ 
gen loss as protein in the thoracenteses. On the o])eratiA'e daj' the patient AA'as 
in nitrogen eciuilibrium AA'ith a vei'y Ioaa- urine output. There then folloAA'ed 
seA'en days of negative balance AA'ith impaired kidney function, eleA'ated blood 
NPAh diminished urine output on an adequate fluid intake, and niti'ogen loss 
in thoracenteses. This in turn AA'as succeeded by eleven days of approximate 
nitrogen equilibrium, the balance becoming definitely positiA'e on the last study 
day. This illustrates the role of the remoA'al of protein nitrogen by thoracenteses 
in contributing to negative nitrogen “balance.” In conWast, the balance in the 
patient in Case 2 AA'as positive before operation, AA'as definitely negative on the 
operative day, and remained negative for four days, becoming positive on the 
fifth claA- and remaining so througliout the remainder of the study. The pattern 
of his nitrogen balance AA'as considered typical of a patient undergoing a surgical 
procedure of this degree.=® 

Serum and blood constituents, blood and plasma volumes, circulation time 
and venous pressure during and after the metabolic study period are iiresented 
in Tables VI and VII. Both men had abnormally Ioav serum sodium levels at 
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some time (normal 135 to 145 men. per liter). However, tlie patient in Case 1 
was definitely subnormal two days prior to operation, reached a finite low level 
(123.2 meq. per liter) two days after operation, and was pei-sistently below 
normal over a span of four weelcs. 

In Case 1, the nonprotein nitrogen values were moderately elevated during 
the immediate postoperative period, associated with a low urine output. 

Blood and plasma volumes obtained during the study period were normal 
or above^- at all times in both patients. One such determination obtained in 
Case 1 two days after operation, when lie was still hypotensive, was above normal 
values for a man of Ids weight range, lloreover, on other occasions when he was 
clinically much improved he had lower values of both blood and plasma volumes. 

The venous pressure of the patient in Case 1 was high before operation 
and showed a good response to the procedure. On the other hand, the patient 
in Case 2, whose venous pressure was not so high prior to operation, had no 
drop at first, and though ultimately declining it did not reach a similar low 
level. 


T.VBLES I TO vn 

T.vbia; I. C.iSES 1 Axn 2. Coup.uuso.v or Cdmclitive Sodium •‘Bm.vsces’ 



CASEl j 

CASE 2 


1 

CUMULATIVE j 

C0.MULATIVB 


DATE 1 

‘•B.VLARCE” j 

•■‘bamrce” 

I DATE 

1949 

MEQ. 

meq. 

1 1950 


9/19 

9/20 

9/21 

9/22 

')/ 2.1 

9/21 

.9/25 

9/20 

9/27 


9/29 

9/30 

10/1 

10/2 

10/3 

10/4 

10/5 

10/0 

10/7 

10/S 

10/9 

10/10 

10/11 

10/12 

10/13 

10/14 

10/15 

10/10 

10/17 


Operation 9/2S 


-27.1 
—oo4.9 
-443.2 

-517.1 

-507.4 

-737.2 

-.951..4 


-oSO.l 


—4S3.9 
+ 1.0 
-70.S 
-14.S 
—27.3 
-20S.1 
-250.0 
-191.7 
- 002.1 
—770.3 
-7S4.1 
-S24.7 
-872.S 
-937.6 
-lOlo.O 
-103S.0 
-9SS.2 
-953.1 
-922.9 


Eor explanation of cumulatue "balance/ 


•rlS.l 
-29.0 
-41.2 
-47.S 
-ISO.O 
-191.9 
-190.5 
-210.4 

-r22o.6 

-r237.0 


-329.0 


+390.3 

-3S5.3 

-399.S 

-405.1 

-413.9 

+115.7 

-r404.0 

-410.0 

+402.5 

■>-395.1 

■^ 373.5 

+350.2 

-339.5 

-323.S 

+335.3 

-329.9 

-^ 320.0 


2A7 

2/lS 

2/19 

2/20 

2/21 

2/22 

2/23 

2/24 

2/25 

2/20 


2/27 


3/2S 

3/1 

3/2 

3/3 

3/4 

3/5 

3/0 

3/7 

3/S 

3/9 

3/10 

3/n 

3/12 

3/13 

3/14 

3/15 

3/16 


see text. 
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For explanation sec Table II. 
The operation day is 9/2S. 
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Table VI. Case 1. Serum and Blood Constituents, Blood and Plasma Volumes, Circulation Time, and A'^enous Pressure 
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DISCUSSION 

Sodium depletion is usually accompanied by debydration, and circulatory 
failui'e is recognized as an important clinical feature of this condition.®- In 
experimental salt depletion in animals it has been demonstrated that the circula' 
tory impaii-ment is due ehieliy to a lowered plasma volume secondary to shrink¬ 
age of extracellular fluid but is also unfavorably influenced by the presence of 
hyponatremia.®^'-'* With the increasing use of intravenous saline-free fluids 
and the application of regimens of sodium restriction to the treatment of edema¬ 
tous states, particularly those of a cardiovascular nature,*®- instances are en¬ 
countered in wliich a sodium deficiene 3 ' exists in the absence of dehjdiation 
and when there maj' be an increase of the total amount of sodium ui the 
body.*®’ **’ Hj'pouatremia is sceu in the presence of edema. In this situa¬ 
tion the pathogenesis of the eireidatoiy impairment is not clearlj* understood, 
but Peters** suggests that there may be altered cellular function associated 
with maldistribution of water within the hodj’. 

Featiu-es favoring sodium depletion in Case 1 are as follows: 

For two months prior to the preoperative studj* period he had been on a 
low sodium intake of about 34 meq. per daj'. In spite of the use of diuretics 
and a good urine volume tiiere was a low urinary sodium output in the three or 
four days preceding operation.®® There was a cumulative deficit of 950 meq. 
of sodium iu the preoperative phase of the study period. Since the average total 
exchangeable sodiiun in a 70 kilo man is 2,950 meq.,®* it can he appreciated that 
the magnitude of such a deficit occurring in eight days is considerable. In the 
latter part of the second postoperative daj' there was clinical improvement which 
coincided ivith the correction of the deficiency bj' hypertonic saline. 

Abnormally low serum sodium levels are considered good evidence for 
sodium depletion, since with experimental depletion, the level of seriuu sodium 
is conserved for a time by loss of water, and then falls when the sodium deficit 
becomes considerable. Apparentlj- osmotic pressure of the bodj- fluids is first 
conserved at the expense of volume before jielding to liypotouieiti'.®- ** 

It is impossible to indicate or aualj-ze the numerous elements that contrib¬ 
uted to the period of hypotension in Case 1. The presence of the constrictiFe 
pericarditis with its peculiar physiologic effects undoubtedly influenced the 
metabolism of sodium and water and modified the classical picture of sodium 
depletion derived from hiunan and animal experiments. Dings, anesthesia, 
sti-ess arising from the mental and physical trauma are but a few of the many 
factoi-s affecting any patient under these circumstances. However, in the search 
for tangible evidence to explain why the young man reacted in an almost dis¬ 
astrous manner to the same operative procedure that the older man tolerated 
well It did not seem that the great difference in sodium metabolism could he 


SUAIJIABV AND CONCLUSIONS 

H™ «■> of pericartial resec¬ 

tion to. eoastnctive pemeriihs. A comparison is made beteeen the t™ in 

legard to the munediate postoperative course, which was beni<^n in nn u 

storm,- in ,„e „ber. .4„ anaipsis of dat. obtained indiem^ "Zl ZlZZt 



502 


THE JOURNAL OF THORACIC SURGERA' 


regimen of sodium restriction and withdrawal may be carried so far as to be 
deleterious. The following evidence is presented to support this view: 

1. During the eight daj’s of balance studies prior to operation, there oc¬ 
curred a cumulative deficit of 950 meq. of sodium (55 Gm. of salt), chiefly 
through aspiration of pleural fluid. 

2. Hyponatremia (123.2 meq. iier liter) occurred. 

3. Total urinary sodium excretion for the seventy-two hours prior to opera¬ 
tion was only 25 meq. clespite the repeated use of a mercurial diuretic. 

4. Hypotension developed while blood was being received and continued in 
spite of replacement of tlie estimated operative blood loss. Values for hematocrit 
and blood and plasma volume obtained during the period of hj^potension did 
not indicate the presence of inadequately treated hemorrhage. 

5. Hypotension and oliguria were overcome at about the time the sodium ■ 
deficit was corrected. 

In preparing cardiac patients for surgery the possibility of deleterious 
effects from sodium depletion following a limited salt intake and the abnormal 
loss of body fluids must be considered. 
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sodium on tlie second postoperative day, and it has been reported in some patients that when 
die sodium levels become very low, in addition to this hypotensive state which Dr. Crandell 
illustrated in one patient, there are also sometimes serious mental and central nervous 
system changes. 

About one year ago, in collaboration with Dr. Quentin Deming, we embarked upon a 
program of giving these patients 3 Gm. of salt daily before, during, and after surgery, and 
in addition replacing all losses at surgery volume for volume, blood with blood, and serous 
fluid ivith saline solution; postoperative chest drainage and other nonrenal losses were re¬ 
placed gram of salt for gram of salt with 0.9 per cent saline solution. No fluid other than 
this saline solution has been given except by moutli as the patient requested it. Since 
instituting this regimen we have not seen a serious fall in serum sodium concentration, and 
the patients appear to have been maintained in a better physiologic state. In no instance 
has there been pulmonary edema or precipitation of congestive failure by this treatment. 

DB. GABEIEL P. SELET, New York.—I want to congratulate Dr. Crandell on his 
careful analysis of these two cases, but I would like to point out that in addition to the 
metabolic changes it is rather risky to compare the two cases. I would like to ask him what 
was the situation locally; that is, how much constriction there was there, how much of the 
ventricles, both right and left, were involved, what the exact operative procedure was, and 
if he has any way of estimating wliat the musculature was lilve beneath the pericardium. I 
believe this information is important because certainly everyone has had the experience 
of doing a good resection and having a poor result, and doing a rather limited resection 
and having a rather good result. 

DH. JOHANN L. EHBENHAPT, Iowa City.—In combination with the cardiovascular 
laboratory at the State University of Iowa we have studied three patients with constrictive 
pericarditis in an effort to demonstrate the significance of renal circulatory factors in edema 
formation in patients with tliis acquired cardiac disease. Pre- and postoperative studies 
were carried out. Tlie renal plasma flow and glomerular filtration rates by standard plasma 
clearance methods were studied and we demonstrated a pattern of renal dysfunction identi¬ 
cal with tliat of congestive myocardial decompensation. In two patients with marked hemo¬ 
dynamic abnormalities and massive edema, the renal dysfunction was severe. In one with 
mild hemodynamic aberration (associated with an interatrial septal defect) and no demon¬ 
strable edema, the renal abnormality was mild. All experienced spontaneous, diuretic weight 
loss in the early postoperative period. The two patients with marked weight loss of twenty- 
one and thirty pounds had an increase in the renal plasma flow of S4 and SO per cent, 
respectively. The PAH values indicate normal tubular functional capacity in the two pa¬ 
tients measured. Pericardiectomy was followed by modest increase in glomerular filtration 
rate and tremendous rise in renal plasma flow- in the two patients with severe disability. 

These changes probably are due to both the direct effects of restoration of hemodynamic 
factors toward normal, and the resultant indirect effects on neurogenic and humoral factors 
influencing renal water retention. Systemic venous and arterial pressure receptors may 
play an important role in the antidiuresis wliich characterizes the venous distention stage and 
the diuresis which occurs promptly following the postoperative increase in cardiac output 
and systemic arterial pressure. In the immediate postoperative period the sodium loss pro¬ 
duced by- the diuresis may be very marked, and those patients may develop signs of shock 
and need replacement of sodium, particularly if their reserve has been depleted by a low- 
sodium intake in a preoperative effort to reduce edema. 

DE. HARRISON BLACK, Boston.—Dr. Crandell's paper and his charts illustrate 
very nicely the exaggeration of electrolyte abnormalities w-hich may become apparent post- 
operatively in patients undergoing cardiac operations. I believe there is one important factor, 
however, that has not been mentioned in tliis study- or in the subsequent discussions, and 
that is the relationship between body sodium stores and the plasma sodium concentration. 

At the Peter Bent Brigham Hospital we also have observed a considerable number of 
patients who have experienced a marked fall in serum sodium concentration after mitral 
valve surgery. Our lowest concentration with survival was 109 meq. per liter, and many 
have been found in the 120 to 125 range on the second postoperative day. The aU-important 
factor which must be considered is the total amount of sodium in the body. Tins can be 
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measured bv means of radioactiTe sodium dilution and the measurement discloses the total 
exchangeable sodium ” The total bodj iiater and total exchangeable potassium may also 
be measured and are equallj important m interpretation. 

Dr. Francis D. TIoore and his associates, Drs Wilson and Alyrden, at this hospital, 
have helped us a great deal by their isotope studies in cardiac patients. As they point out, 
a drop m serum sodium concentration may be due to one of three mechamsms; dedcieney, 
dilution, or “shift” into cells We might discuss these separatelj. 

Dejtcieiici/.—Despite the fact that man 3 of these patients have been on a lou sodium 
diet ovei long periods of time and have undergone repeated mercurial diuresis, they quite 
uniformly show a high total body sodium They also show a very lugh total body water. 
Indeed, this combmation of a high sodium and a high water with a low serum sodium con 
centration is qmte charactenstic of the sich cardiac patient with or without edema and either 
before or after surgeri. It is of great interest that a low total exchangeable pota'^sium 
with a relatively high plasma potassium concentration is also a part of this picture, but 
we are not devotmg attention to that m this brief discussion For this reason, we have 
felt that true sodium deficiency is rarely a part of this picture and, indeed, it does not seem 
logical to treat the patients pre or postoperatively witli concentrated salt solution except 
under most exceptional circumstance' 

Dilution—The studies have shown in addition that cardiac patients when allowed un 
restricted oral mtahe after surgery are extremely prone to gam body water. This is mam 
fested cbnically by gam m weight. It is apparent that even though no salt is given, these 
patients are stdl able to accumulate excessive body water and this, of comse, may contribute 
further to the loweied serum sodmm concentration It is of importance to note that durmg 
hot summer weather when skin and lung losses are higher, tins tendency is not so apparent 

“Shift ”—Although great care may be exerted to avoid extra water loading m these 
patients, they will still show some drop m serum sodium concentration. Dr ilooie’s group 
some years ago demonstrated that trauma it'Clf tends to produce a lowering of the serum 
'Odium concentration m the presence of a positive sodium balance, and they have felt that 
this Is due to translocation or "shift ’ of sodium mto cells There is recent evidence that 
m cardiac patients this tendency may be especially marked It should be emphasized also 
that mtraceUuIar water, newly appeanng in the extracellular phase, might contribute to this 
appearance of ‘shift ” 

Before these studies were aiailable to us, ne too gave our postoperative cardiac patients 
hypertomo sodium cldoride wheu a low serum sodium value was as'OCiated inth the dinical 
featuics of the ‘‘low sodium syndrome” (that is, hypotension apathy, and disorientation) 
We were impressed inth the fact that on many occasions this therapy was coincident with 
a rapid correction of the climcal aberrations and a rise in the serum sodium level. How 
ever, I am equally sure that in a few cases the salt load aggravated congestive failure with 
lethal outcome in at least one mstauce 


Taking all the'e factors into consideratiou we have modified our routine by restrict 
mg patients to 1,500 c e of fluid (oral plus parenteral), m ilie first twenty four hour', not 
including in this the blood replacement On the second and third days the same amount 
IS allowed and the ration is not lucrea'ed until the usual spontaneous diuresis occurs In hot 
weather tins figure wall probably have to be increased With this method of management 
we haie found that very few patients experience the severe drop of serum sodium concentra 
tion that we formerly saw, and the dangerous cluneal features of the sy^,drome have become 
a thing of the past The result is that we bate not found tt necessari recentlv to use hvner 
tome =alt solution Therefore, on the hasu, of these total balance studies, I believe we’Li 
conclude that the adniimstrahon of saline solution to cardiac pahents either preoperativeh 

dL-wo?“ ■ ^ ’s “ot national and, m fact, may be 


DB K ALFLV HERENDINO, Seattle-The points which Dr CrandeU brings out are 
Certainly of great significance and I arise, as did Dr Black and Dr PprUnrio ts w o 
the implications ot the points which have been made PoiIowin<r mitral ’ 

.pp,.h.n.,„ T„, ^ I Trrrjw 
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attempt to uncovei the sjmiptoms that would lead us to suspect this condition in otlier patients 
Therefore my colleagues, Dis Eobeit Biuce, Martelle Dunning, Belding Scribner, and 1 
followed ten consecutive mitial commissuiotomy patients with balance studies No electrol^de 
of any kind ivas given duiing the postoperatiie period. However, tlie patients were allowed 
to take by mouth a formula of known oomposition. A negligible quantity usually was taken 
for the first thiee dajs This giaduallj was incieased 

(Sbde ) This shows the life histoij' of this sjndrome without anj therapy whatsoevei 
These graphs repiesent the daily balance studies on these patients. The niimmal, maximal, 
and mean responses aie recorded The seiuiii sodium leiels fell within the first two d.ajs 
postoperatii ely from an aierage of 142 nieq to an aierage of 126 meq Serum potassium 
levealed a slight rise; the chlorides fell to then lowest le\el the third day, a lag of twenty 
four hours behind the sodium fall for some unknown reason Electrolyte studies on the 
urine revealed a renal conservation of sodium as well as potassium durmg the same period 
This was piobably related to a low intake The chloride changes were not significant 

(Sbde) Durmg the initial two or three day postoperative period, there is a positiie 
water balance The lecoided output includes not only urinaij output but a rough approM 
matron of insensible loss As \ou can see there is a positiie water balance in evtieme cases 
up to 2 L but on the aieiage it is S50 ec 

(Slide) We hare been able to catalog the seieiity of the patients’ sjmptoms on the 
basis of the seium sodium leiels Seien of tJiese eleven patients liad symptoms Those wuth 
moderate symptoms had sodium lei els of 120 to 130 meq. Those with severe symptoms had 
sodium levels of 111 to 120 meq As long as the serum sodium lem.ained about 120 meq 
the symptoms were not severe 

(Sbde ) These aie the sjmptoms eiicouiiteied in this group of patients In the mod 
eiate gioup, asthenia, lethaigy, anoie\ia, and lanable sweating weie observed The severe 
gioup had cerebial disturbances which included appiehension, hallucinations, and delirium, 
even to the point of coma 

(Slide ) In oui opinion those aie the contributing factois, some of which have been 
mentioned by Dr Crandell and the other discussers, namelj, pieoperatne salt depletion, salt 
deprivation postoperativ elj', the administiation of a noiielectioljte containing fluid, non 
specific stress responses, and pleural drainage which contains'on an average of 66 meq for 
the first one to four dajs postoperatnelj' but nuij be as high .is 160 meq It appears that 
no single factor is sufiicieiit to produce the hjponatrcraic levels observed All factors arc 
participating m a gieatei or lesser degiee in each individual patient, as well as other 
factors ineompletelj understood at prisent 

(Sbde) In the next fouiteen consicu’ive initial comuiissuiotomies we conducted a 
prophjlactic piogiam All patients on the d.iv of suigeij’ and dailv thereafter were given 
73 meq. of sodium (500 cc saline solution) This was supplemented with additional sibiio 
as indicated by the serum sodium levels Some patients have received as much as 20 Gm 
of sodium chloride in one d.aj No attempt was made, however, to restore the serum sodium 
to normal levels in the eailj postoperative period From the piactical point of view, other 
things being equal, the serum sodium level is the most impoitaiit single laboiatoiv procc 
dure in the management of cardiac p.atients followang surgerj In this fashion, we have been 
able to prevent the extreme degiees of hvqionatiemia and the severe sjmptoms and signs 
associated with it 

DE CEYNDELL (Closing)—Time would not pciiuit answering Di Seley’s questions 
I vviE try to answer them indirectlj in this fa'.liion You wall recall th it the jouug man, 
aged 27 jears, had a poor immediate postoperative response and the older man, aged 54 jears, 
had a good response Althougli the j oung man imniediatelj entered a stormy period, he has 
ultimately had an excellent result, to the extent that two jears alter the peric.ardial rcsic 
tion he was able to carrj a 150 pound deer two miles out of the woods without anj trouble 
On the other hand, the older man Ins experienced a con-idtrable limit itioii of activitj’ 

I am verv grateful to Dr. Gerbode for his discussion, and to Dr Black, who has 
helped providc’answers to questions about which wo are curious I eortamlj envy his 
facilities in Imving available radiosodiuiii and dcubrium oxide I wnh to thank Dr. .Icrm 
dmo for his discussion. 
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IXTRODUCTIOX 

P ERIL4NENT bronehial closure is the basis of a successful pulmonary re¬ 
section. Current methods are generally quite effectual when the bronchus 
is normal, although a wide variation in results is reported. However, when 
the bronchial waU is diseased and friable and the stitches fail to hold, surgeons 
agree that there is an urgent need for an occlusive reinforcing tissue. A highly 
effectual method of developing a viable, pedieled pericardial fat graft reinforce¬ 
ment to the bronchial stump was devised bj^ one of us (L. A. B.) in July, 1949, 
after trying pleura and other tissues. Our teclmique of closing the bronchus 
and of developing the graft is presented, along nuth pertinent data concerning 
clinical and experimental observation. A review of 323 eases of total pneu¬ 
monectomy and lobectomy for malignant and nonmalignant disease is made. 
The superiority of this method, in our experience, is shown by comparing the 
results with this technique in 221 eases, to those of an earlier series of 102 cases 
in which the “thoracic omentum” was not used. 


HISTORICAL DATA 


With the risk of oversimpliftcatiou, we have divided the history of pul- 
monaiy resection and bronehial closure into four definite periods, in order to 
condense an extensive review. 

1. Period of “fortuitous” pulmonary resection (1496 to 1880, and even 
later). 

2. Period of animal experimentation (1880 to 1900). 

3. Beginning modern period (1890 to 1928). 

4. Present-day period (1929 to the present time). 

1. Period of “Fortuitous” Pulmonary Fesection .—Before the understand¬ 
ing of pulmonary and intrathoraeic ph 3 Mology had been developed (latter part 
of nineteenth, and early twentieth centuries), a few intrepid surgeons were suc¬ 
cessful in excising relatively small amounts of peripheral pulmonary tissue, 
aided by the fortuitous fusion of the pleura and a fixed mediastinum. Since 
these early successes in the removal of pidmonary tissue have almost completely 
escaped notice in the medical literature, we are including a brief description of 
the three earliest pulmonary resections that we have been able to discover. 

The first recorded excision of lung tissue was reported by an Italian Ro- 
Im^of Parma,^ in 1496. He was called to treat a man of Bologna who' had 
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suffered a severe wound of the thorax, in \vhich the lung was protruding on the 
chest wall. The patient had been given up by other surgeons, and on the sixtli 
ffaj"- after the wounding, the lung iwesented as a mortified, gangrenous tissue. 
Eolando excised this lung tissue, and to his amazement the wound healed, 
aided no doubt by the beneficial debridement of maggots. Since this excision 
of lung tissue nms in complete violation of all the surgical precepts of the age, 
Eolando was happy to report that the man was perfect!}^ well one year later 
and able to make a trip with his master to Jerusalem. 



Fiff. 1—Dla^^lnff of the thoracotomv incision reported by Hilton Anthony of Aiisusta, Ga, in 
1821 Published m The Philadelphia Journal of the Medical Sciences In 1823. 

This surgical feat was unknown for centiiries, and it remained for an 
American pioneer, Milton Anthony,- in Augusta, Ga., to record the first de¬ 
liberate entrance of the pleural cavity in 1821 and the removal of “one to two 
pounds’’ of pulmonary tissue, along with the portions of two ribs. The man 
he treated had a swelling in the thorax which came on approximatelj' one year 
after an injuiy to the chest. The tumor of the chest wall was incised and 
sections of the fifth and sixth ribs were excised, along with portions of necrotic 
lung tissue. The exact nature of the pathology was not known although it 
could have been a neoplasm of the chest wall and lung or some sort of chronic 
inflammatoiy process. However, after the thorax had been opened, to An¬ 
thony’s “utter astonishment and mortification,” he was able to palpate “more 
or less disorganized fragments of bronchial tubes.” lie then guided the hand 
of his intrepid assistant. Dr. Pugsley, “an aged, experienced and aceur.ite 
surgeon and anatomist” into the chest to feel the extensive destruction of the 
right lung. Anthony, a compassionate man, did not wish to discuss out loud 
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this shocking finding, in order not to “alarm” his conscious, hut stoical pa¬ 
tient. The man recovered from the surgeiy to suecunih at a distant hamlet 
one year later. Fig. 1 is a reproduction of the incision used by Anthony in 
his published report in 1823. 

In 1861, Jules Emile Pean,^ a Parisian, apparently Avith the benefit of 
general anesthesia, excised a pulmonary tumor and portion of the lung. The 
patient had a small tumor at the level of the fourth intercostal space, which 
caused him severe and intolerable pain. After aspiration of the tunioi yielded 
no fluid, an exploratory incision ivas made. To Pean’s surprise a tumor aris¬ 
ing in the lung adherent to the pleura was found. The tumor ivas draivii out, 
after having effected adherence of the parietal and visceral pleura at a num¬ 
ber of points by interruiited sutures. The tumor ivas then excised by galvano- 
cautery. Hemostasis ivas further effected by leaving on several hemostats and 
by “Phoenician” dressing. The patient was apparently cured by this opera¬ 
tion and was reported in good health one year thereafter. Since Pean had the 
insight to seiv the two layers of the pleiu’a together, this case ivas not as 
“fortuitous” as the others. Hoiveimr, from the point of view of bronchial 
closure, only peripheral lung tissue ivas excised and no bronchus of moment 
was divided. Thus, bronchial closure had not j'et become a problem in pul¬ 
monary resection. 


2. Period of Animal Experimentation (1880 to 1900 ).—^Because of the gen¬ 
eral use of anesthesia and the discovery of microorganisms and antiseptics, 
many techniques for abdominal operations ivere perfected during the latter 
quarter of the nineteenth century. Paced uith tlie disasters in opening the 
thorax of human beings, a feiv surgeons, notably German, turned to the ex- 
pei'imental laboratoiy to study suitable methods of lung excision. The Gei'- 
mans, Gluck,^ Schmid,^ Block®; the Italian, Biondi"; the Englishman, "Willard®; 
the Americans, LeMoyue "Wills® of Los Angeles, and Murphy^® of Chicago per¬ 
formed pulmonary resections on experimental animals. Murphy made the im¬ 
portant observation that if the mediastinum was fixed, the pleural cavity could 
be opened ivithout sei'ere anoxia, but if the mediastinum ivas mobile, anoxia 
and death resulted. These experiments shed light upon the problems of open 
pneumothorax and mediastinal shift and resulted in the cautious, but realistic 
attitude of the clinical surgeons. They showed, moreover, that lobes and 
lungs could be resected but that a high mortality resulted. Mass ligation of 
the structures at the hilum was the technique that ushered in the early modern 
period of pulmonary resection. Bronchial fistulas Avere almost iin-ariablj^ 
present m the animals surviving the operative shock and sepsis. Broncho¬ 
pleural fistula Avas recognized as a hazardous and almost inevitable complica¬ 
tion of pulmonaiy resection. 


3. Begin,nng Modem Pei'iod (1890 to 1928).-~Stimxdnted by e.xperimenta- 
tion, Tuther, ‘ m 1891, resected the apex of the lung affected by localized 
tuberculous disease. He used an extrapleural approach and closed the wound 
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ivithoiit drainage. The patient made an uneventful recovery and was well 
and working fom? years after the operation. In 1901, Heidenhain^- performed 
a successful lobectomy for bronchiectasis. 

The problem of open pneumothorax continued to vex the surgeon despite 
the experimental work of the preceding period. Sauerbrueh,^^ in 1904, intro¬ 
duced his “reduced pressure operating eabuiet” which sought to obviate this 
difficulty. The patient and the surgeon %vere placed in a roomlike cabinet in 
which the pressure was reduced b}"- 18 to 20 mm. of mercury. The patient’s 
neck and head extended ont of the cabinet. An airtight seal was made about 
the neck. Thus, the patient could breathe in room air and the collapse of the 
lung was counteracted by the negative pressure. In 1908, in this eountiy, 
Willy Meyer^-* perfected a posithm pressure cabinet. This cabinet was placed 
about the head of the patient and was large enough to accommodate the anes¬ 
thetist. Positive pressure in the cabinet from 20 to 25 mm. of mercury pro¬ 
tected the lung from collapse when the thorax was open. 

Dni'ing the first decade of the twentieth century, work on endotracheal 
anesthesia continued. Folloiving the efforts of Tuffier, Matas^^ and others, 
Elsberg^'^ reported endotracheal insufflation anesthesia with a positive pres¬ 
sure of 20 mm. of mercury. This technique was further developed and popu¬ 
larized by McGill” in the 1920’s. And endotracheal anesthesia became the 
standard form of anesthesia for intrathoraeic operations. It was used by 
LillienthaP® in the majority of the twenty-two lobectomies vdth a 42 per cent 
mortalitj'- that he reported in 1922. However, he regarded the positive pressure 
chamber as being useful in eases “in which it was desirable to keep the 
thoracic wound open for a few hours or even days after the operation.” The 
high mortality with lobectomy stimulated Graham” to develop the procedure 
of cautery pneumonectomy, which he reported in 1923. The actual destruc¬ 
tion of the bronchiectatic lung tissue by the cautery method resulted in a 
relief of the patient’s symptoms, with a lessened mortality. In revieiving the 
advances of this period, we are impressed by the fact that it was now possible 
to open the thorax and remove lung tissue, even entire lobes of the lungs, aided 
by endotracheal anesthesia. The bronchial stump in pulmonary lobectomy 
was still controlled by mass hilar ligation. Bronchial fistulas were the ex¬ 
pected complications of lobectomy, as an anatomic approach to the closure 
of the bronchus had not yet been perfected, and successful pneumonectomy 
in human beings was still an unsolved problem. 

4. Present-Bay Penod (1928 to Present in 1929, reported 

the technique for one-stage lobectomy which may be regarded as ushering in 
the present-day period of pulmonary resection. He presented six cases in 
which lobectomy was performed with one operative death. The pedicle of 
the lobe was clamped and double, interlocking chromic catgut sutures were 
tied to control the vessels and the bronchus. The pedicle was then closed 
over with a running stitch of chromic catgut. 

In 1932, Shenstone and Jaues=’ reported the technique of tourniquet lo¬ 
bectomy. The use of a tourniquet made the operation considerably safer and 
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the size of the lohav stump was smaller. This technique was quite generally 
accepted until the beginning of 'World War II. In 1931, Nissen-^ performed 
a two-stage pneumonectomy for bronchiectasis with mass ligation of the hilum. 
The lung was allowed to slough off. In 1932, Haight^" also reported a suc¬ 
cessful two-stage pneumonectomy. The year 1933 will be remembered for the 
first successful one-stage pneumonectomy for carcinoma, performed by Graham.^^ 
Resection of the lung by one-stage procedure had now become feasible and 
new impetus was given to pulmonaiy resection. 

Shortly after this, Rienhoff=" introduced a method of individual ligation 
technique for the hilar structures in pneumonectomy. The technique, with 
some modifications, is in use today. In 1939, Churchill and Belsey=“ reported 
the uidividual ligation of the lobar and segmental vessels and bronchus with 
segmental imeumonectomy of the lingular segments of the left upper lobe for 
bronchiectasis. Kent and Blades,-' in 1942, reported the sound anatomic ap¬ 
proach to pulmonary resection by the individual ligation of the vessels and 
bronchus for the respective lobes of the lung. At last precise surgical tech¬ 
nique had been developed and no longer were bronchial fistulas accepted as 
the inevitable complications of lobectomy or pneumonectomy. 



Piff. 2. p.g j 


Of the left lun. 

se\ered bronchus leaked^aVr^£ollo'^\ ins *pr«umonect^v total pneumonectomy 

pedicled pericardial fat graft. pneumonectomy, it was successfully closed w 


The 
ith a 


-VUTHORS’ UATERI.VL 

Our technique of employing pericardial fat graft to reinforce the bron- 
ehia stump wa.s horn out of sheer desperation in a case where we were unable 
to close securely a diseased bronchus. Fig. 2, the preoperative film of this 
» bcrng,, of ,hc lof, teonchus „-hi=h had p,„d„e' d 
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total atelectasis of the left lung-. The patient had had a chronic cough for 
years, and there Avas considerable bronchitis in the portion of the bronchus 
above the tumor, in the vicinity of the carina. On July 1, 1949, while re¬ 
secting the left lung Avhich had been destroyed by the protracted bronchial 
obstruction, great difficulty Avas encountered by one of us (L. A. B.) in effect¬ 
ing closure of the diseased bronchial Avail at the carina. HoAvever, an airtight 
suture of the bronclius Avas effected and the chest Avail Avas closed. Immedi- 
atelj^ folloAving the operation, on hard coughing, it Avas obA'ious that the bron¬ 
chus had re-opened. The chest Avas again entered and the torn bronchus 
noted. Further attempts to close this tear resulted in extension of tlie rent 
up into the tracheal Avail. BorroAving from the experience in surgery of the 
abdomen, AAdiere omentum has been successfully used for years to seal oft’ the 
repair of a ruptured peptic ulcer, it Aims decided that a pedicled pericardial 
fat graft, in a similar manner, miglit seal off the aperture in the bronchial and 
tracheal Avails. Such a graft Avas fashioned and sutured to the incompletely 
closed bronchial stump and trachea. The closure remained airtight, and the 
patient made an uneA'^entful reeoAmry. Pig. 3 shoAvs the film one year fol- 
loAving surgery. 

PolloAving this gratifying result Ave decided to investigate this technique 
further on experimental animals. 

EXPERIAIENTAL OBSERVATIONS 

In a series of tAveuty-one mongrel dogs, pedicled pericardial fat grafts 
Avere developed for bronchial reinforcement in either total pneumonectomy or 
lobectomy. To simulate the conditions of our original case, the bronchial 
stump Avas incompletelj' closed ,so that there Avas a definite bloAving of air on 
application of positiA'-e pressure to the bronchial stump foIloAving the pul¬ 
monary resection. A pedicled, pericardial fat graft Avas then deA-eloped, usu¬ 
ally from the middle portion of the mediastinum and firmly fixed to the bron¬ 
chial stump, according to the technique to be described for human beings later 
in this communication. 

We experienced some difficulty in dcA'cloping these grafts for tAvo reasons: 
First, the pericardial adipose tissue Avas extremely thin and friable and did 
not exhibit as satisfactory a blood supply as tliat found in human beings, and 
great care had to be exercised in dcAmloping the grafts so as not to tear the 
A^ery fragile mediastinal pleural septum and enter the opposite pleural space. 
That this septum exists as an eft'eetiAm baxTier betAveen the pleural spaces is 
much disputed; hOAveA'er, our experience along AAuth that of many others points 
to the presence of this septum as a fragile but definite barrier betAveen the tAvo 
pleural caAdties. We are pleased to note that the grafts effectively closed the 
bronchi and prevented the dogs from developing bronchial fistulas and empyema 
in all instances. It should be emphasized, hoAVCA^er, that these dogs Avere all 
given penicillin for three or four days foIloAving operation. It is also true 
that the bronchi Avere apparently grossly normal in all instances. In our ex¬ 
perience, lobectomy and pneumonectomy in dogs protected by antibiotic-s, Avith 
or Avithout tlie grafts, have a very low rate of bronchial fistula. 
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The cartilage of the clog’s bronchus is so flexible that it is not necessary 
to make an elliptical flap of the membranous portion of the brouehiis, as we 
routinelr do for major bronelii in human beings. After performing five pneu¬ 
monectomies, eve performed lobectomies on subsequent animals as it was ap¬ 
parent that we could study the viability and fate of the graft just as wel . 
Furthermore, foUocving the lobectomy, the animal was available for other 
intrathoracic procedures (most of them cardiovascular), which were per¬ 
formed on the same and. in some instances, on the opposite side of the chest. 



S-D. Gross specimen of pedxcled pericardial fat graft covering bronchial 
days after left total pneumonectomy had been, performed. Specimen shows the 
pedicled graft firmly in place, tightly reinforcing the brcinchial stump. 


In all cases, when observed at autopsy, or at subsequent operations, the 
grafts were intact and appeared to be grossly viable and firmly fixed to the 
))ronclual stump. The maximum period of observation was one year. 

dficroseopic studies were made upon the grafts from periods of twenty- 
four hours up to one year. The suture material had to be picked out of the 
blocks before they were cut and this praeticaUy always frayed the sections. 
In twent.v-four hours, the graft was adherent to the bronchus, the fat cells 
were intact, and a leukocyte infiltration iva.s present. By three davs (Fit's 
■i, a, and 6) the leukocyte infiltration had increased, some edema fluid was 
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present, and fibroblastic proliferation Avas noted, uniting the bronchus and fat 
graft. By the eighth day (Figs. 7, 8, 9, and 10) fibroblasts had increased in 
the zone of tissue that marks the junction of the pericardial fat graft and the 
cut ends of the bronchus. Columnar epithelium had bridged oi^er the fat graft. 



Fiff. 5.—Dog- 3-D Low-po^\er view of sagittal section of bronchial stump three days 
after left total pneumonectomy. The pedicled pericardial fat giaft appeals m the lower 
center of the field, covering the incompletely closed bionchial stump AltJiough the section is 
torn, the beginning fibrous union of fat giaft and bionchus can be seen. 

Further out in the fat graft, irregular areas of fibroblastic proliferation and 
all the early signs of organization trere present. Macrophages ivitli hemo¬ 
siderin represented the phagoejdosis of hemoglobin from operative hemor¬ 
rhage. After one month’s time or more, adult type of fibrous tissue teas pres¬ 
ent in the part of the fat graft next to the bronchus with irregular involve¬ 
ment of more peripheral portions of the graft. In four months’ time (Fig. 11) 
the fibrosis Avas perhaps a little more advanced, otheiuvise there was very 
little change up to one year’s time. No further fibrosis of the fat graft Avas 
noted after this. Intact fat cells Avere present and the vascularity of the 
o-raft Avas eA'idenced by the finding of small blood vessels in all .seetion.s. 
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truly linked to the bronchial stump by a fibrous union. 


tf 



■C 5 -» R ‘nftcr i r) Hisrh-Dower vievv of sagittal section of bronchial stump Fig. 

5 vfable®.»:e1‘°sue”b!^cLrthe oUms blmettn the Itto cartOaBes. Early fibroblastic 
Itrolifcration has bes«n Eiathelium has not rosenerateit. 


TECHNIQUE OP BKOXCHLVL CLOSURE 

In closing the main bronchus ive used a simple interrupted suture, bring¬ 
ing the soft membranous portion of the bronchus to the fixed cartilaginous 
wall. To effect this closure u-ithout tension, a slightly oval-shaped flap is cnt 
from the posterior membranous portion of the bronchus, so that it would meet 
the more rigid cartilaginous wall. Xo clamps are iilaeed on the bronehus at 
the .site of .suture and an “open” type of closure is used. The bronchial ar¬ 
teries are carefully preserved. AVith lobar bronchi, the closure is more easily 
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Fig, S. 

Pig. 7 .—Dog Ifio. Gross specimen of left bronchial stump eight days after total pneu¬ 
monectomy. Graft firmly adlierent to tlie bionchiai stump. 

Pi 5 - 8_Dog 1G5. Gross specimen of inside of left broncliial stump eight days after 

pneumonectomy. Complete epitlielization of incompletely closed bronchus Is seen. 
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effected, since the cartilage is softer and the mmIIs usually collapse nithont 
tension on a simple right-angled division of the bronchial wall. The forma¬ 
tion of the cartilage may be irregular and completely surround the bronchus, 
leaAiug no posterior membranous Avail. HoAveA’er, in many instances the 
anatomy of the lobar bronchus resembles that of the main bronchus. 



Figr 11—Dog- 121 AIedium-po«er view of microscopic section of bionchlal stump four 
montlis after lobectomj Fat graft is shown to be riable. and fl.\ed to bronchial wall by adult 
connects e tissue which is also present deeper in the graft Note the blood \essels in the graft. 

The exact technique of the bronchial closure of a main bronchus is shoivn 
in Fig. 12. For suture material, Ave liaA'e used tantalum Avire, 0 007 inch in 
diameter onto Avhich a fine needle has been tightly sivedged. The diameter 
of the needle is approximately the same as that of the Avire, and thus it docs 
not make a hole in the bronchial Avail that may eventually leak. Care is taken 
to cut the cartilaginous Avail along the upper edge of the cartilage, leaving 1 
to 2 mm. of membranous Avail behind, if possible, AA-hich is more suitable for 
the bronchial closure. The Avire sutures are tied just tightly enough to <ip- 
proximate the Avails of the bronchi so that there is no leakage If tlie Aviie 
sutures are tied too tightly they avuII cut through the bronchus The cut ends 
of the AA’ire are turned in so as not to scA-er any of the major ve.ssels ot the 
hilnm. The graft oft’eis further protection to the AA'ire ends HoAvcAer, on 
upper lobe branch bronchi Ave haA-e routinely used fine arteri.il .silk, fearing 
erosion of the pulmonary artery from the ends of tlie Avires may otherAvise 
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DEVELOPJIEXT of WABLE PERICARDIAL PAT GRAFT 

The anatomy of the mecliastmnm and the pericardial fat is depicted on the 
diagram (Fig. 13). The fatty tissue in the pericardium and the anterior medi¬ 
astinum receives its blood supply mainl5" from branches of the internal mam¬ 
mary artery. However, branches of the pericardiophrenic and nuiseulophrenie 
arteries also send nutrient branches to this fatty tissue. The pericardiophrenic 
artery accompanies the phrenic nerve between the pleura and the pericardium 
to the diaphragm, where it anastomoses with the musculophrenic and inferior 
phrenic arteries. The anterior mediastinal branches of the internal mammary 
artery supply the areolar and adipose tissue in the anterior mediastinum, along 
with the remains of the thymus. The main pericardial branches of the in¬ 
ternal mammary artery are two in number; a superior branch to the superior 

Cross sectioN of Brouclms 



Division of Bronchus 



Suture 


cartiia^ino 

wall 



B ro nchus 


interrupte d 
suture 5 

membranous 

Flap 


Fig. 12.—Technique ot cloture of the bronchus used by us. 

pericardium, and a middle branch to the midportion of the pericardium This 
middle branch IS a fairly large and constant vessel and is the one that supplies 
the blood to the gratt lu the great majority of imstances. The inferior peri 

niai-artei^r branch of the internal mam- 

son, >"«diastiual, pericardial, and sternal branches together with 
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are the arteries, but they tend to follow the arteries. It is from the branches 
of this plexus, some of which may not be readily visible to the naked eye, that 
the blood supply of the pericardial fat graft is maintained, even though a 
fairly long pedicle is developed. There may be considerable variation in the 
course of the branches of the internal mammaiy arteries that supply the adi¬ 
pose tissue; however, with a careful inspection of these branches the graft 
may be so planned as to include a satisfactory blood supply in over 95 per 
cent of the cases. 


Lateral View of Anatomy of 

Right Side oP Mediast in um 



Pig. 13.—Diagrram of anatomy of right side of mediastinum, showing tlie blood supply to the 
pericardial and mediastinal adipose tissue. 


We have found that the most satisfactoiy pericardial fat graft can be 
developed from the anterior inferior mediastinum, utilizing tlie adipose tissue 
that lies directly over the diaphragm. The blood supplj*^ to this portion of 
the pericardial fat comes from the musculophrenic artery, the middle peri¬ 
cardial branch of the internal mammary arteiy, and a few twigs from the peri¬ 
cardiophrenic vessels. There is a fairly constant branch that connects the 
middle pericardial branch of the internal mammaiy artery and tlie musculo¬ 
phrenic artery which, when present, provides an excellent blood supply to the 
mobilized graft, after the division of the branches of tlie musculophrenic and 
pericardiophrenic arteries. Because the pericardial fat extends for a distance 
anteriorly to cover the anterior surface of the heart, satisfactory lengths of 
the graft may be obtained. The blood supply is entirely from the vessels men¬ 
tioned, and there are no vessels of any moment running down the mediastinum 
mesial to the internal mammary arteiy. In the case of a middle or lower lobe 
lobectomy, no difSculty at all is encountered in obtaining satisfactory length 
of the graft. However, in an upper lobe lobectomy, or pneumonectony, con- 
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siderable care must be exercised iu preserving tbe blood supply to obtain a 
satisfactorily viable graft. Tbe freeing up of tbe graft is sbown in Fig. 14. 
In some instances it may be necessary to divide tbe internal mammary artery 
below tbe junction of tbe middle pericardial branch, ligate tbe perforating 
intercostal and sternal branches, and dissect the internal mammary artery 
upward so as to obtain additional length of graft with adequate blood supply. 
However, with a little care and practice, the graft is readily developed. 

Four sutures are then placed at equal intervals on the circumference of 
the bronchial stump. With the tip of the graft turned back, the mesial and 


Fis. 14 . 


Development of Inferior Pericardial 

Fat Graft 


Mq bi(i z e d Graft 



A„asto,.,oi:c 
B'-anch of Musculo 
Phrenic Art. 


Suture of Graft t( 
Bronchial Stump 



Graft F.-xed tc mesial a«d mferior 
avails of Bronchus First 

Fig. 15. 
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inferior sutures are sewn to the graft and tied Brst (Fig. 15). Then, the su¬ 
perior and lateral sutures are affixed to the graft so that it fits over the stump 
of the bronchus, like a cap. Additional interrupted sutures of fine silk are 
now placed in the tissue about the bronchus to fix the graft firmly in place 
and make the reinforcement airtight (Fig. 16), The graft is further firmly 
sutured to the mediastinum and pericardium to take the tension oft’ the bron¬ 
chial stump on coughing and invite earlj'- union of the graft to these structures. 


Fixation of GraFt to 
Med i ast i hum 



Fig-, IG,—Graft is flrmly fixed to the mediastinum. 


Two alternate methods of developing a fat graft are available at times -ivlieii 
the one described is not feasible. There is always a certain amount of adipose 
tissue that accompanies the plirenic nerve and the pericardiophrenic vessels. 
If it is desirable to sacrifice the phrenic nerve, then the nerve and the peri¬ 
cardiophrenic vessels and adipose tissue may be divided just above the dia¬ 
phragm, and these structures are carefully teased off the pericardium and 
developed as a graft which is fixed to the bronchial stump in the previousl 3 ^ 
described manner (Fig. 17). 

In some instances, the scantiness of free adipose tissue accompanying the 
nerve and vessels makes this graft unsatisfactory. Another form of anterior 
mediastinal fat tissue graft, though not strictly pericardial, may be developed 
from the adipose tissue in the anterior superior mediastinum where the blood 
supply comes mainly from the anterior mediastinal vessels and the superior 
pericardial branches of the internal mammary artery. Here the blood supply 
is not usually as good as that of the inferior pericardium; however, a .shorter 
pedicle needs to be developed as the distance from the anterior 
astinum to the main-stem bronchus or the upper lobe bronchus is less t - 
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from the inferior mediastinvun. "W^e have used this type of graft in a small 
number of eases. The technique of application is shoivu on Fig. IS. It should 
be added that in the case of the inferior pericardial fat graft in ivhich the 
middle pericardial branch of the internal mammary is used for the blood sup¬ 
ply, the graft serves to form a sHng reinforcement to the heart when the peri¬ 
cardium has been resected for an intraperieardial ligation of the pulmonary 
vessels in the case of a hilar carcinoma. Sometimes it is possible to fix the 
graft to the edges of the opened pericardium and thus prevent herniation of 
the heart, tvliieh. unless it is immediately relieved, is usually a fatal complica¬ 
tion. 

Fig. 17. 

Alternate Methods 
1- Peri card to Phrenic GraFt 



I. Anterior Superior Hediastinal 
G r a F t 



tl«..o in nntcrk.r'miT, "um‘ 
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Table I. Total PiVEusioxectomy a.vd Lobectojiv ix Pericardial Fat Gr-W't Series 
(July, 1949, to February, 1953) 

221 Cases 



PNEUMOXnCTOMY 

LOBECTOMY 

Careiaoma 

S9 

9 

Pulmonary tuberculosis 

20 

32 

Bronchiectasis 

9 

40 

Lung abscess 

0 

21 

Broncliial adenoma 

0 

1 

Total 

IIS 

103 


CLINICAL RESULTS 

In all, 323 cases of either total pneunionectoiii}’- or lobeetoiiiy were re¬ 
viewed to determine the effectiveness of the bronchial closure and the peri¬ 
cardial fat graft. In 221 cases, the technique outlined with the pericardial 
fat graft reinforceinent was employed (Table I). While in 102 eases no peri¬ 
cardial fat graft was used (Table II). We believe these two series are very 
comparable because all the operations Avere performed by one of us (L. A. B.) 
Avith the exception of a few eases, so that the technique Avas the same in the 
tu’o series, except for the application of the fat graft in one instance and the 
use of some other form of reinforcement in the other. 


T.U3LE II. Total P.veumo.vecto.my axd Lobectomy ix Prerericardial Fat Graft Series 

(July, 1946, to Juxe, 1949) 

102 Cases 



^^'^:uMON^cTo^rY 

LOBI:cro^^Y 


Carcinoma 

20 

.s 


Pulmonary tuberculosis 

S 

3 


Bronchiectasis 

5 

26 


Lung abscess 

3 

14 


Broncliial adenoma 

4 

5 


Total 

46 

.56 

__ 


The results of these techniques are compared on Table III. It Avill be 
noted that the incidence of bronchial fistula in the prefat graft series ivas 
7.9 per cent, almost one-half of these occurring in the first tivo weeks; Avhile 
in the larger series of cases in Avhieh the fat graft was employed, there Avere 
no bronchial fistulas occurring in the early, critical first three Aveeks. In tliis 
series a late occurrence of bronchial fistulas, up to five months after operation. 
Avas 2.5 per cent. It is further noted that bronchial fistula Avas the main cause 
of death in three of the earlier eases (Tal)le IT). Thus, it is ajAparent that 


Table III. Co.mparisox of Results Pre- .v.xd Postccricardial F.at Graft Reixporcemext. 

I.xcidexce op Bro.xciiiai. Fistula 


WITHOUT grafts (102 

OASES) 

W’l rn 

GRAFTS (221 CASUS) 

Early 

Late 

Early 

Late 

First 3 

Fourth week 

First 3 

Foiirtli ueck to 

\\ eck> 

plus 

\\ oeks 

lifth month 

Pneumoncetomv .5 

1 

0 

5 

Lobectomy 0 

2 

0 

1 

Total o + 

3 zz: s (7.9%) 

0 

II 

to 
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Table I. Total Pneumonectomy and Lobectojiy in Pericardial Fat Graft Series 
(July, 19-10, to February, 1953) 

221 Cases 



PNEUMONECTOMY 

LOBECTO.MY 

Carcinoma 

89 

9 

Pulmonary tuberculosis 

20 

32 

Bronchiectasis 

9 

10 

Lung abscess 

0 

21 

Bronchial adenoma 

0 

1 

Total 

118 

103 


CLINICAL RESULTS 

In all, 323 cases of either total pneiimoneetomy or lobectomy ivere re¬ 
viewed to determine the effectiveness of the bronchial closure and the peri¬ 
cardial fat graft. In 221 cases, the technique outlined with the pericardial 
fat graft reinforcement was employed (Table I). While in 102 cases no peri¬ 
cardial fat graft was used (Table II). We believe these two series are very 
comparable because all the operations ivere performed by one of us (L. A. B.) 
with the exception of a few eases, so that the technique was the same in the 
two series, except for the application of the fat graft in one instance and the 
use of some other form of reinforcement in the other. 


Table II. Total Pneumonectojiy and Lobectomy in Prepericardial Fat Graft Series 

(July, 1916, to June, 1919) 

102 Cases 



PNEUMONECTOMY 

LOBECTOMY 


Carcinoma 

26 

8 


Pulnionarv tuberculosis 

8 

3 


Bronchiectasis 

5 

26 


Lung abscess 

3 

14 


Bronchial adenoma 

1 

5 


Total 

46 

56 



The results of these techniques are compared on Table III. It will be 
noted that the incidence of bronchial fistula in the prefat graft series was 
7.9 per cent, almost one-half of these occurring in the first two iveeks; while 
in the larger series of cases in which the fat graft was employed, there were 
no bronchial fistulas occurring in the early, critical first three weeks. In this 
series a late occurrence of bronchial fistulas, up to five months after operation, 
was 2.5 per cent. It is further noted that bronchial fistula was the main cause 
of death in three of the earlier cases (Table IV). Thus, it is apparent that 


Table III. Co.mparison of Results Prb- and Postpericarmal Fat Gp.aft Beiniouce.me.vt. 

Incidence op Bronciii.vl Fistul.^ 


WITHOUT grafts (102 CASES) 


Pneumonectomy 

Loliect omy _ 

Total 


Early 
First 3 
week.s 
5 
0 


L.ate 

Fourth week 
plus 

1 


3 = 8 (7.9%) 


CASES) 

Late 


FUst^S Fourth ucek to 

weeks tiith montli 

0 ^ 
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'We iiavc icen iiOTT the iadividuai !igaiiua teeiMdtiiie ior Mlar snrucnues 
it>r pneauiOffieciOHiy.-^ lofeceKiEiTr,'- and segmental loicciCimT-'' placed pizl- 
nionary Tcseen&n on. a sound anaiomjic; basis. In. dosiiig irbc divided main 
broTivdnis i'jllo'wing pneasflonecioiay. BienkoK-^ mrst cTO: tbe canilaginous rings 
of rbe broscbial stiiiiip at variotis poinis in tbeir eircmnfercEee in order to 
do avray vritii a springlike action, vriiicli nonaaEy Tends to Biaintain tie 




52G 


THE JOURNAEi OE THORACIC SURGERY 


TAur,i: VI. PosT-jMoKTK.\c Findings in Pugsionary Erskction.s With Pewclr Piikicardiag 
Fat Graft BuiNvoucnuENV op Bronciiiai. Stomt 


CASE AGi: 

DIAGNOSIS 

opi:hation 

CAUSE OF DEATH 

P.O. DAY 

I'ATHOLOGIC FINDINGS 

n. 

72 

Carcinoma 

Pnoumonec- 

loniy 

Cardiac failure 
Pulmonary 
edema 

1 

Graft covers stump. 
No reaction to 
graft 

N.G. -13 

Pulmonary tu- 
horculo.si.s 

Lobectomy 

Pulmonary em¬ 
bolus 

2 

Graft ti.sed to stump. 
Leukocytic infiltra¬ 
tion 

J. V. 33 

Puliuomuy tu¬ 
berculosis 

Pnoumonoc- 

toiny 

Tuberculous 

piiounioum 

10 

Graft firmly adher¬ 
ent. Leukocytic 
and iibroblastic in¬ 
filtration of graft 
union 

S. 

51 

Carcinoma 

Pneumonec¬ 

tomy 

Rronchopneu- 

inouia 

17 

Graft firmly fixed by 
adult counectivo 
tissue 

L. 

78 

Lung atjscoss 

Pneumonec¬ 

tomy 

Broncliopneu- 

mouia 

IS 

Similar findings to 
above 

W.C. O’O 

Carcinoma 

Pneumonec¬ 

tomy 

Broiichopueu- 

tuouia 

30 

Similar findings to 
above 

F. 4S 

Carcinoma 

Pneumoncc- 

tomv 

Coroujiry occlu¬ 
sion 

30 

See Fig. 20 

D. 

■tl 

Carcinoma 

Pneumonec¬ 

tomy 

jMelastafic car¬ 
cinoma 

5 mo. 

See Fig.s. 19 and 21 

N.T. 

5-t 

Carcinoma 

Pneumonec¬ 

tomy 

jrclastaHc car- 
cinonui 

10 mo. 

lironclihi't fishihi due 
to undetected can¬ 
cer in bronchial 
stump 

Fnt graft viable ad¬ 
herent to stump by 
adult eonneetivo 
tissue 

n.T. 

Oo 

Pulmonary lu- 
licrculo.sia 

Pneumonec¬ 

tomy 

Coronary occlu¬ 
sion 

2 yr. 

9 mo. 


fl'i'ossly noi'iiiiil. ]u the otlier nine eases, the pericardial fat graft was viable 
and tiglitly adherent to the bronchial stump in periods of from one day up to 
two years and nine montlis. 

Tlie gro.ss appearance of a typical fat graft is shown on photograpli at 
(he post-mortem examination of a patient who died of metastatic carcinoma 
five months after pnenmoneetomy (Pig. 19). The microscopic findings are 
similar to those reported on the animal experiments. The same difficulty was 
encountered in cutting the microscopic sections, duo to the fact that the tan¬ 
talum wire sutures injured the micro.scopic section knives and these sutures 
had to be removed from the blocks before cutting. This resulted in considei-- 
able fraying of the material. However, leukocytic infiltration of the graft 
occurred early. Ctradual replacement with fibroblasts and adult connective 
tissue of the portions of the bronchial wall and the adjacent graft tissue were 
noted. Outside the zone of fibrous adherence of the graft to the lironchial 


wall, the fatly tissue appeared healthy and a number of small blood \essel.s 
could be seen. The bronchial stump was completely lined with columnar epi¬ 
thelium in most instance.s, although occasionally a more transitional or eu- 
boidal type of e]dthelium was .seen. Some of the fat cells were idiagocOosja 
and replaced with connective ti.s.sue, as ob.served in the experimeidal aniimi s. 
Tfowever, the .solid fibrous union of the graft in the wall of the major none lu.s 
was clearly demonstrated (Figs. 20 and 21). 
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€d<^es of the hronchits tnth simple sutures, they rely on a layer oi pleura to 
re^oree the hronehial elosnre. Free grafts of lung tissue have been advo¬ 
cated for the bronchial stump by ChurchiU.- Peribronchial tLssues have been 
drau-n over the stump by Adanis^ and others, and Gelfoam has been advo¬ 
cated TO reinforce the bronchial closure by Hanlon.'^* 

Practically every type oi suture material has been used for the hronehtis- 
This indudes'silk (Bienhoff^ and others), cat gut (Shenstone and Jaues=^), 
a rmming stitch oi silk (Holst-), cotton (OsdmeFy!, stainless steel (Jones-), 
and tantalum tirire (the authors). 

In reviettinsr the restilis of pulmonary resection uith the cnirent tech¬ 
niques that have been mentioned for bronc-liial closure, a tremendous variation 
in the reported incidence oi bronchial usTvda is found. This variation ranges 
fi'om 1 per cent-^ to as high as -10 per eent.*- tThh» latter ngme doe^ nielude 
some tourniquet type of reseetiou.) Perhaps, the average of reported inci¬ 
dence of hronehial fistula cotdd be estimated as being from S to 15 per cent, 
although improvements in results are being reported, Hou'ever. in revierving 
these diverse reports in the literature, we find that there are many variables 
entailed in the compilation of such an average. These variables include the 
age of the patient, the amount and ftiabiliiy and infection of the bronchial 
wad. the use oi antibiotics, the proper preparation of the patient, adequate 
postoperative care. etc. Xo two reports eontjvin the same cousiderarioti of 
these variables. Thus, it becomes apparent that the assembling and mathe¬ 
matical calculation of such statistics from these widely ilivergent series (which 
was originally the plan) is not of true statistical value. "iVe can conclude that 
while some people are nor having much trouble with bronchial closure, in 
many reported series, brouchial closure is still an important clinical problem, 
IFe believe also that in uonreported series of cases, it is probably even more a 
clinical problem. 


From this study, it can be concluded that sound surgical principles must 
be followed ia closure of the bronchos to prevent the lormafioa of a broncho¬ 
pleural nsrnia following total puetunonectomy or lohectom.v. In all oi our 
cases, there was careful preparation of the patient to decrease bronchopnl- 
mouary miectiou and bronchial secretions. The iniporranee of the proper 
antibiotic in addition to drainage proeednres to minimize the bronchial in- 


leerion cannot be stressed too much. During the operation constant aspiration 
OI blood and seeretious from the bronchial tree imist he carried out even if 
the operation has to he soiaerimes considerably prolonged by this attention 
to the bronchial toilet. The better the preparation of the patient before snr- 
aery. the less trouble is encountered during and after surgery. The actual 
care of the bronchial stump must include the preservation of the blood supplv 
up to the end or the stump, the avoidauce or clamps and other tntnma to the 
proximal eud of the bronchus to he sutured, and the cutting of the bronchus 
m such a way a.s to avoid teiisiou on the suture fine. TTe feel that this is best 
eiremed by our method of making a small elliptical dap of the memhranoas 
pornon or tie bronchus, thus tension on the suture line is compleielv pre- 
veiued. The actual snmre of the bronchial stump is performed trith Simple 
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boidal 01 - pavement epitlielinm. Portions of tlie graft not tone^g the bron- 
ckns show some fibrosis, bm in general resemble pericardial fat tissue seen 

elsewhere in the body. 

4 The bronchial reinforeemeut irith the pericardial lat gvalt has entirely 
eliminated earber bronchial fistulas diu-ing the first three weeks’ time after 
operation in a series of -221 total pneumonectomies and lobeetomies. Late 
bronchial fistulas occurred in 2.7 per cent of the cases. In an earlier series 
of 102 pulmonary resections in which the graft was not used, early bronchia] 
fistulas were a real problem and made up four-fifths of the total number of 
fistulas. A total of 7.9 per cent of the patients developed bronchial fistulas 
in this nonfat graft series and thi-ee of the patients died as a result of the 
fistulas. 

5. The eniploTmeiit of this technique of hz'oueliial closure and pedicled 
viable pericardial fat graft rendorcement, as reported, appears to be a valu¬ 
able additiou to the surgery of pneumonectomy and pulmonary lobectomy. 

6. A brief historical r&ume of pulmouaiy resection and bronchial closure 
has heen included. 
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interrupted sutures that pass through the entire wall of the bronchus to firmly 
unite the mucosa. In most instances, the membranous flap is actually drami 
over the rigid cartilaginous wall. The suture material is not as important as 
the manner in which it is used, since successful closures have been reported 
with fine absorbable and nonabsorbable sutures. However, since we’ve had 
such excellent results vdth tantalum wire, we will continue to use it. There 
seems to be general agreement that the bronchial stump should be covered by 
additional tissue. In our carefully controlled seines of unselected eases, the 
viable pedieled pericardial fat graft proved greatly superior to all other 
methods. We must remember, however, that the use of antibiotics and pre- 
and postoperative care are extremely important. All of our eases have had 
liberal doses of vitamin C to promote healing following surgery. 

The question remains, Should the pericardial fat graft be used routinely 
in all cases where the divided bronchial wall appears normal? Our experience 
ivith lobectomy in our two series does not show a great deal of improvement 
ivith the protecting influence of the graft, although the occurrence of late 
bronchial fistula was reduced from 2 per cent to 0.5 per cent. In pneumonec¬ 
tomy, however, there is no question that the graft should be used routinely 
for we had 5 per cent bronchial fistula before the first week, and three deaths 
directly due to these bronchopleural fistulas. With the grafts, however, there 
were no early bi'onchial fistulas before the fourth week and no deaths at an.i- 
time from the opening of the bronchus. Thus, it is certain that the bronchial 
grafts are definitelj^ indicated routinelj’- in pneumonectomy and in all lobec¬ 
tomies where there is any question about the status of the bronchial wall or 
the effectiveness of the bronchial closure. Since it is extremely difficult to 
tell Avhether or not a bronchus is normal bj’' gross inspection, this will leave 
only a feiv eases in which it is safe to omit the graft. Even though the oc¬ 
currence of fistulas in lobectomy is rare, for any one patient that occuri'ence 
is 100 per cent. Because of this we shall continue to use this form of graft 
routinely in all cases. 

SUaiMARY 

1. Our technique of bronchial closure, employing a curved posterior mem¬ 
branous flap which is sewn to the rigid cartilaginous ivall of the main bronchus 
and the use of a viable, pedieled. pericardial fat graft reinforcement, has been 
presented. 

2. The grafts of this “thoracic omentum” have been found to be intact, 
viable, and effectively reinforcing the bronchial stump one year after opera¬ 
tion in experimental animals and up to 2 years and nine montlis in human 
beings on post-mortem examination. 

3. Microscopic examination of the graft in experimental animals and 
human beings shows that first a leukocytic infiltration of the portion of the 
graft next to the stump, then the fibroblastic infiltration and replacement of 
portions of the graft next to the bi-onchus with an adult type of connective 
tissue. The bronchial stump is lined with columnar and occa.sionally low cu- 
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TN AN experimental series performed using dogs, E. E. Salen and I studied 
1 the blood flow through au atelectatic lung with the aid of augioeardiography. 

In an acute atelectasis of one lung the pulmonary arteries to that Ring did 
not become smaller. The capillary bed remained open; this was indicated by the 
contrast niedinnCs simultaneous fiRing of the pulmonary arteries and veins 
on both sides. The contrast Ailing of the periphery of the atelectatic lung was 
as little pronounced as on the other side. A pronounced decrease of the 
arterial oxygen saturation indicated a big shunt, that is, a considerable amount 
of blood passing the atelectatic lung. 

In permanent atelectasis there was a continuous decrease of blood flow 
during the first month, until practically no blood was passing through the 
iionventilated part of the lungs. At the same time there was no decrease in 
the size of the main branches of the pulmonary artery. 

In long-standing atelectasis the pulmonary artery decreased in size. After 
one mouth the diameter of the main pulmonary arteries, measured on the 
angiocardiogram, was 15 mm. on both sides. After eight months of atelectasis 
of the right liuig the diameter of its main pulmonary artery measured 9 min. 
as compared with a diameter of 15 mm. for the left pulmonary artery. The 
contrast medium did not disappear from the artery in tJie atelectatic lung in 
the same time as on the healthy side nor were the pulmonary veins filled with 
contrast medium in the atelectatic part at the same time as on the healthy 
side. The blood was therefore considered to fill the arteries of the atelectatic 
lung but either to pass not at all or to pass extremely slowly through the 
capillary bed. 


Attempts to study the circulation through atelectatic lungs in man with 
angiocardiography have, however, not been successful so far. The density of 
the atelectatic lung with underlying disease in the clinical cases has made 
visualization of the Auer branches of the pulmonary artery and veins impos¬ 
sible with contrast medium. In one patient who had more than one year’s 
total atelectasis of the left lung only the main pulmonary artery on the left 
side was demonstrated. When all contrast had disappeared from the ri-ht 
pulmonary artery, the left hraneh to the atelectatic lung was still well demon¬ 
strated ^vlth Ingh concentration of the contrast medium. This Aiidiim sim- 
psts a negligible circulation through the atelectatic lung. As no furuir 
ij^ation was obtained by angiography the following method was employed 

C. CraroorC. 
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DISCUSSION 

DB. RICHARD H. SIEADE, Grand Rapids.—I tliink the autliors have made a worth¬ 
while contribution. I should like'to ask if they have used this method in tlio treatment of 
bronchial fistulas. 

DE. BREWER (Closing).—I can answer Dr. Meade’s question very simply by saying 
that we have not used this method in the treatment of bronchial fistulas. All the bronchial 
fistulas in this series came on after three weeks’ time and were treated by simiile drain¬ 
age. In all instances except one, where the patient had carcinoma in the bronchial stump, 
tlie bronchial fistula closed spontaneously following simple drainage. 

I do believe that the pedicled pericardial fat graft can be used as an aid to close 
bronchial fistulas provided that (1) care is used to preserve the blood supiily to the graft, 
and (2) adequate excision of the infected bronchial tissue is made. Wo have shown 
in e.xperimental animals, in the incompletely closed bronchus, that fibroblasts proliferate 
in three days from the clean bronchial stump and by eight days the stump is opithclized 
when protected by the graft. 

It seems reasonable, therefore, from this and from the examination of the firm fixa¬ 
tion of the grafts seen at autopsy, that this method would bo useful in closing bronchial 
fistulas. 

This subject has been of consuming interest to our group. I gather from the lack of 
people springing to their feet to proclaim that they never heard of a bronchial fistula, 
that it is still a problem to most of us. 
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tN an experimental series performed using dogs, E. P. Salen. and I studied 
1 the blood flow through an atelectatic lung with the aid of angiocardiography. 

In an acute atelectasis of one lung the pulmonary arteries to that lung did 
not become smaller. The capillary bed remained open; this was indicated by the 
contrast medium’s simultaneous filling of the pulmonary arteries and veins 
on both sides. The contrast filling of the periphery of the atelectatic lung was 
as little pronounced as on the other side. A pronounced decrease of the 
arterial oxygen saturation indicated a big shiuit, that is, a considerable amount 
of blood passing the atelectatic lung. 

In permanent atelectasis there was a continuous decrease of blood flow 
during the first month, until practically no blood was passing through .the 
nonventilated part of the lungs. At the same time there was no decrease in 
the size of the main branches of the pulmonary artery. 

In long-standiug atelectasis the pulmonary arterj'^ decreased in size. After 
one month the diameter of the main pulmonary arteries, measured on the 
angiocardiogram, was 15 mm. on both sides. After eight months of atelectasis 
of the right lung the diameter of its main pulmonary artery measured 9 mm. 
as compared irith a diameter of 15 mm. for the left pulmonary artery. The 
contrast medium did not disappear from the artery in the atelectatic lung in 
the same time as on the healthy side nor were the pulmonary veins filled ivith 
contrast medium in the atelectatic part at the same time as on the healthy 
side. The blood was therefore considered to fill the arteries of the atelectatic 
lung but either to pass not at all or to pass extremely slowly through the 
capillary bed. 


Attempts to study the circulation through atelectatic lungs in man with 
angiocardiography have, however, not been successful so far. The density of 
the atelectatic liiug with underlying disease in the clinical cases has made 
% isualizatiou of the finer brandies of the pulmonary artery and veins impos¬ 
sible with contrast medium. In one patient who had more than one year’s 
total atelectasis of the left lung only the main pulmonary artery on the left 
side was demonstrated. When all contrast had disappeared from the right 
pulmonary artery, the left branch to the atelectatic lung was still well demon¬ 
strated with high concentration of the contrast medium. This findino- sug¬ 
gests a negligible circulation through the atelectatic lung. As no further 
mf^ation was obtanied by angiography the following method was employed. 


Fro.n ll.o SabbatsbcTB Hospital. SurKeon-in-cliief: 
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DISCUSSION 

DE. EICHAED H. hlEADE, Grand Rapids.—I think the authors have made a worth- 
whUo contribution. I should lilco'to ask if they h.ave used this method in the treatment of 
bronchial fistulas. 

DE. BEEWER (Closing).—I can answer Dr. Meade’s question very simply by saying 
that we have not used this method in the treatment of bronchial fistulas. All the bronchial 
fistulas in this series came on after three weeks’ time and were treated by simple drain¬ 
age. In all instances except one, whore the patient had carcinoma in the bronchial stump, 
the bronchial fistula closed spontaneously following simple drainage. 

I do believe that the pedicled pericardial fat graft can be used as an aid to close 
bronchial fistulas provided that (1) care is used to preserve the blood supply to tlie graft, 
aud (2) adequate excision of the infected bronchial tissue is made. AVo have shown 
in experimental animals, in the incompletely closed bronchus, that fibroblasts proliferate 
in three days from the clean bronchial stump and by eight days the stump is epithclized 
when protected by the graft. 

It seems reasonable, therefore, from this and from the examination of the firm fixa¬ 
tion of the grafts seen at autopsy, that this method would bo useful in closing bronchial 
fistulas. 

This subject has been of consuming interest to our group. I gather from the lack of 
people springing to their feet to proelaim that they never heard of a bronchial fistula, 
that it is still a problem to most of us. 
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been taken for osygen determiaation according to the method of Van Slyko and Neill. 
Double determinations of oxygen content as ivell as of oxygen capacity are made on each 


The blood samples are taken in the following order; 1. The first sample is from aorta 
(A 1. This sample contains mixed blood from the aerated and from the atelectatic Inng 
(Fig. 21, 2. The second sample is from one pulmonary vein from the atelectatic lung (V). 
In case of lobar atelectasis samples are taken from both pulmonary veins. Before this 
sample is taken the vein is ligated or clamped as close to the pericardium as possible. 






Then the needle h introduced peripheral to the clamp. Thus a baek-Hou- from the left 
auncle ,3 elumnated. I.nmodiately after the .second sautple is taken an arterial clamp 

blood'mr'li riT’lr front being overloaded bv 

otU tilt .-upenor and interior piilmomiry veins are clamped or ligated Even the nul 
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METHOD 

For the determination of the blood flow to eacli lung separatelj Weiss, in 1926, 
used a formula necessitating the use of blood samples from a pulmonary vein both from 
the aerated and the collapsed lung as well as from the left ventricle. In an excellent 
experimental study Keeley and Gibson (1942) used this formula on dogs after having 
performed bilateral thoracotomies. 



Fig. 1.—Acute atelectasis is obtained by the use of a double lumen catheter (Carlens). When 
the tube to the operated side is opened the lung will be completely atelectatic. 



Fig. 2.—Aj = blood from the aorta containing mixed blood from the aerated and from the 

atelectatic lung. 

In order to make the determination of blood flow through an atelectatic lung possible 
on man I have worked out the following method: Acute atelectasis is obt.-iiiied during 
intrathoracic surgery by the use of a double lumen catheter (Carlens) for endobronchial 
anesthesia. The tube, corresponding to the operated side, is opened to atmospheric pres 
sure when the lung is completely atelectatic (Fig. 1). Anesthesia is then given only to 
the opposite lung. Nitrous oxide, oxygen, and curare has been the anesthesia of choice. 
After isolation of the pulmonary artery and veins and tiio bronchus, blood samples have 
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iag goes through the left auricle and ventricle and out iu the aorta (Fig. 4). It is, how¬ 
ever, necessary to wait a few minutes after ligation of both veins so that the mi.ved 
residual blood in the left ventricle is washed away. In our patient the third sample 
(A;) was taken immediately after ligation of both upper and lower pulmonary veins, and 
the arterial oxygen content was £15.9 per cent iu a case of one hour’s atelectasis. Another 
sample, taken two minutes later from the same patient's aorta, showed an arterial oxygen 
content of 99.2 per cent. 

Calculation. —x represents the percentage of total pulmonary blood How through the 
aerated lung, y represents the percentage of total pulmonaiy blood tiow througli the 
atelectatic lung, x + y = 100 per cent of the pulmonary blood How. y = 100 - x. Then 
the following c(juation is achieved: 

A;X + Vy = A, (X + y) 
y = 100 - X 

A;X + lOOV - Vx = 100 A. 
x(A: - V) = 100 (A. - V) 

100 (A. - V) 

^ — A, - V 

In cases of chronic atelectasis the blood flow through the opened pulmonary veins with 
uitact pulmonary arteiy and divided bronchial arteries was measured during operation (Fig. 
5). These observed values of blood flow were compared to the values calculated from the 
above-mentioned formula. See Tables I and II. 



Fis. 5.—In cases of clironic atelectasis the blood flow was measured through the open veins 
when the pulmonary artery was intact and the bronchial arteries divided. 

The Influence of the Eronchial Circulation. —It has been my intention to study tlie 
circulation through tlie pulmonary artery separately without the admixture of blood from 
the bronchial arteries. In bronchiectases and in many cases of pulmonary tuberculosis 
the bronchial circulation is considerable, but in tuberculosis with bronchial stenosis and 
total atelectasis only small bronchial arteries are usually found at the operation. In acute 
atelectasis the admixture of blood from the bronchial arteries would hardly influence the 
result, as the volume of flow through the pulmonary artery is so much greater. la chronic 
atelectasis, however, where the flow through the pulmonary artery is negligible, an ad¬ 
mixture of blood from the bronchial artery must be excluded. Furthermore in atelectatic 
lun"S with bronchiectatic changes there are much larger anastomoses between the bronchial 
aud° pulmonary arteries than in normal cases. Only sample A. and V would be influenced 
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by tbe broncHal circulatioa, which is drsiaed into the pulmonary veins as well as through 
the intercosialj the azygos, and hemiazygos veins into the superior vena cava. fThen 
sample A; is tahen. both pmlmonary veins are clamped or ligated to exclude admixture 
iroEi the bronchial circulation. To exclude bronchial circulation in chronic .ateleotasm 
where the lung is going to he removed, all bronchial arteries are tied and the bronchus is 
aivided, la cases where an acute atelectasis is produced and only part of the lung or a 
mediastinal tumor is removed, the main bronchus is dissected and clamped together with 
the hronchi.'il arteries with the aoacrushing aorta clamp constructed by Crafoord. This 
technitiue is used to nroduce a bloodless weld in the enucleation resections or benign 
intrannlmonarv tumors. In patients with acute atelectasis an abnormal bronchial arteiw 
joining the lung nerinheral to the clamped bronchus may he encountered, but this admix* 
ture will not signiticantly iuduence the values of dow* through the pulmonary artery. 

Oriiicism of the Method.—The lintitatiou of tliis metliocl lies iu tire oxygen 
sainraiion deiermiaation. Due to the form of tlie oxylieinoglobin dissociation 
etawe, 'wliicli is very dat at high tensions, small changes in the arterial-oxygen 
content may not he detected tvith the saturation determination. From a 
theoretical point of view arterial oxygen tension determinations are therefore 
preferred. Direct oxygen tension nieasnremems, however, have not been per- 
formed during operations due to the admixtine of nitrotts oxide to the blood. 


.veCTE .tTELECTASiS OF OXE HOCIl’S nnLtrJOX 

Acute atelectasis of the right lung was produced in ttvo cases dtu’ing opera¬ 
tion. 

Cass 1.—A. sp-year-old man bad a segmental atelectasis of tlie posterior segment of the 
right upper lobe due to a scjuamous-celi bronchiogeulc earebioma. 

Case 2.—A 23-year'old womaa had a ruliereulons cavity in the apical segment of the 
right lower lobe. The determination was made after resection of the diseased segment. 

The duration of the total atelectasis of the right lung was one hour in boih 
instances. The values sliown iu Tables HI and IV were obtained. 


TsoLs HL AcCi,. Ai£.l£cxas:s ro2 Oxe Ilorr. or ths Eight X-cxo 


A. 


BLOOD rLO’iV 


Ca^e 1 
Case 2 


Cc O; VOL. ^ CO, i ?C O, j VOL. ^ CO, , So O, VOL. CO, SIGHT X-VXG j JJ 

________ _C 


S1.6 

ST.O 


j-rxo 


4S.1 

A-’ A 


o2.S 

70.0 


^9.9 

40.7 


99.2 

99.; 


3i5.0 


4S.4ci. 

42.40^ 


Ai =: bloc^ sample from aorta. 

, - 3 ;. sample from, the right pulmonary veins. 

. t — tjiooA maniple from aorta atter division of the right pulmonary veins. 
Table IV. BsoscnosrisoiiEiBV ix Cass 2 


ol.o'y 

57.oIc 


Minute ventilation 
Oxvgen uDtake 


4 O. 0 C 0 

37.S^ 


i RIGHT LCXG i lyrr LVXG 

o3.d^ 
62.2 C7- 


Condiisioa.—Iu both cases the right Ivmg had been atelectatic for one hour, 

posierior segment of the right tipper lobe was 
4s.4 per ct-nr of ilie total blood dow through the hm-rs parsed the 
atelectatic right lung. This may be considered to be about the nornS nronor 
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by the bronchial circulation, which is drained into the pulmonar 3 ' veins as well as through 
the intercostal, the azygos, and hemiaz 3 -gos veins into the superior vena cava. When 
sample A, is taken, both pulmonary veins are clamped or ligated to e.vclude admixture 
from the bronchial circulation. To exclude bronchial circulation in chronic atelectasis 
where the lung is going to be removed, all bronchial arteries are tied and the bronchus is 
divided. In cases where an acute atelectasis is produced and only part of the lung or a 
mediastinal tumor is removed, the main bronchus is dissected and clamped together with 
the bronchial arteries with the nonerushing aorta clamp constructed by Crafoord. This 
techniQue is used to produce a bloodless held in the enucleation resections of benign 
intrapulmonar 3 ' tumors. In patients with acute atelectasis an abnormal bronchial artery 
joining the lung peripheral to the clamped bronchus may be encountered, but this admix¬ 
ture will not significantly influence the values of flow through the puImonar 3 - artery. 

Criticism of the Method .—The limitation of this method lies in the oxygen 
saturation determination. Due to the form of the oxyhemoglobin dissociation 
curve, -which is vary flat at high tensions, small changes in the arterial-oxygen 
content may not be detected ivith the saturation determination. Prom a 
theoretical point of vieiv arterial oxygen tension determinations are therefore 
preferred. Direct oxygen tension measurements, liowever, have not been per¬ 
formed dui'ing operations due to the admixture of nitrous oxide to the blood. 

ACUTE ATELECT.rSIS OF ONE HOOR’S DURATION 

- Acute atelectasis of the right lung ivas produced in two cases during opera¬ 
tion. 

Case 1.—A SS-year-old man had a segmental atelectasis of the posterior segment of the 
right upper lobe due to a squamous-cell bronchiogenie carcinoma. 

Case 2.—^A 23-3-ear-oId woman Ivad a tuberculous cavity in the apical segment of the 
right lower lobe. The determination was made after resection of the diseased segment. 

The duration of the total atelectasis of the right lung was one hour in both 
instances. Tlie values shown in Tables III and IV were obtained. 


T-able III. Acute Atelectasis fok Oxe Hour op the Eight Lung 



ilinute ventilation 
Oxygen uptake 


RIGHT LUXGl LE FT LUXG 

S3.5% 

3T.S% 62.2% 


Conclusion.—In both cases the z-ight hing had been atelectatic for one hour 
in the lirst case, where the posterior segment of tlie riglit upper lobe was 
diseased, 4 S.i per cent of the total blood flow through tlie lutms mssod tb 
ateleetatie rigbt lung. This may he considered to be about die ^ 
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The Mam Pulmonanj ArUnj.—TU size of the' maia pulmonary artery 
sliowed great variations. In four cases the pulmonary artery had a normal 
size in spite of total atelectasis u'hieh had been present for one to three years. 
In three eases the pulmonary artery had a nearly normal size 70 mm. in spite 
of the fact that the liuig was completely collapsed for nine years. 

In two eases the pulmonary artery had considerably duninished in size. 
The circuinferenee was only 35 to 40 mm., approximately half the size of the 
normal artery. The duration of the atelectasis was twenty-three and eight years, 
respectivelj'. In the remaining six eases a varjdng decrease of the size of the 
pulmonary arteiy was found. 

Conclusion .-—In cases of chronic atelectasis the main pulmonary artery 
may for many years retain its normal size. The pulmonary artery is then 
only functioning as a blind sac with a negligible amount of blood flow (prob¬ 
ably in a reverse direction) through the destroyed lung. After several years 
the pulmonary artery to the destroyed lung slowly diminishes in size. The 
most pronoiuiced decrease observed was about 50 per cent. 

The Branches of the Pulmonary Artery .—The peripheral branches of the 
pulmonary artery to a diseased area are often diminished in size. We have 
encountered complete thromboses of the anterior trunk to the right upper lobe, 
the lingular artery, and the artery to the apical segment of the left lower lobe 
in cases of tuberculosis. 

The Pulmonary Veins .—The pulmonary veins of the lungs having long¬ 
standing atelectasis are nearly always considerably diminished in size. 

The Bronchial Arteries .—In eases of chronic atelectasis due to tuberculosis 
great variation is found in the broncliial arteries. They are often very small, 
but considerably enlarged bronchial arteries maj^ occasionally be found. In 
tubei’culosis the bronchial arteries have never been found as large as in cases 
of broncliiectasis. Eleven eases of long-standing total atelectasis were investi¬ 
gated. The results can be seen in Table I. 


CONCLUSIONS 

In cases with total atelectasis or a destroyed lung the following observations 
were made; 

1. Tlie o.vvgen saturation in the aorta was on an average the same before 
(91.0 per cent) and after (89.5 per cent) the occlusion of the pulmonaiw veins 
from the diseased lung. 

2. The amount of blood flowing through the diseased lung was 0 per cent 

calculated from the moan values. ' 

3. The amount of blood flowing through the diseased lung observed durino- 
operation was on an average 98 ml. per minute. 

4. The mean value of the o.xygcn saturation in the pulmonary arterv (66 7 
per cent oxygen) wa.s signifteautly higher than in the pulnionarv veins (58.3 
per cent oxygmi). This may be due to an admixture of blood from the broncliial 
a I tones draining blood into the pulmonary artery in a reverse direction 
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In Case 2 the blood samples were taken after the apical segment of the 
right lower lobe was removed. Tliis segment is usnallj^ larger than the posterior 
segment of the upper lobe. The finding tliat 42.4 per cent of the total blood flow 
was passing the right liuig after atelectasis for one liour is considered to cor¬ 
respond to a normal proportion. When the patient underwent a broncho- 
spirometiy one year after the operation tlie oxj^gen uptake on the right side 
was found to be 37.8 per cent (the minute ventilation on tlie right side was 46.5 
per cent). The oxygen uptake of each lung is considered to be a good expression 
for the blood flow through each lung. 

Therefore the conclusion that can be drawn from these two eases is that 
after one hour of total atelectasis a normal amount of blood is still passing the 
atelectatic lung. 

.VTELECTASIS FOR ONE AND ONE-H.VLF MONTHS 

A 22-j'ear-old girl had a left lower lobe bronchial stenosis of tuberculous 
origin and a long-standing lower lobe atelectasis. The upper lobe was well 
aerated under the artificial pneiunothorax. After a first-stage upper 5-rib 
thoracoplasty the upper lobe, too, was atelectatic for one and one-half montlis. 
Then a left lower lobectomy and decortication of the upper lobe was performed. 
At the end of the operation the blood flow through the remaining left upper 
lobe that had been atelectatic for one and one-half montlis was found to be 
negligible. Tlie following values were obtained; 

_ SAMPLES _ 0 . SATURATIO.V __ 

A, (aorta before occlusion of V) = 98.5% O- 

V (left upper pulmonary vein) = 60.0% O; 

A. (aorta after occlusion of V) = 91.0% 0; ______ 


The upper lobe had been atelectatic for one and one-half months. Now 
it was ventilating. However, the calculated flow through this lobe cf|ualed zero. 
One year after the resection this patient imderweiit a bronchospii-onietry which 
showed 15.7 per cent oxygen uptake and 28 per cent minute ventilation for the 
remaining left upper lobe. Thus the same function was achieved that had 
existed before the atelectasis when the oxygen uptake of left upper lobe was 
14.3 per cent and the minute ventilation 27 per cent of the total. 

Conclusion .—After atelectasis for one and one-half mouths no blood passed 
this left upper lobe in spite of decortication and positive pressure ventilation. 
Bronchospirometiy one 3 ^ear later showed 15.7 per cent oxj'gen uptake and 28 
per cent minute ventilation for this remaining left upper lobe. Exactly the 
same fvmction had then returned as was found before the atelectasis (oxygen 
uptake 14.3 per cent and minute ventilation 27 per cent). 

CHRONIC ATEUECT^VSIS 

The same decrease of blood flow was found in a destroyed lung due to 
broneliieetasis as was found in eases of tuberculosis with or without broncliial 

stenosis. 
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5. lu cases of total atelectasis only a negligible amount of blood passes 
the pulmonai'j' artery. Tims the puhuouaiy artery is probably acting more 
or less as a blind sac mth a slow reverse flow of blood from the brouchial 
arteries. In four eases with total atelectasis of tlie left np 2 :)or lobe and a 
relative stenosis of tiie main broncliiis of the lower lobe with hyperinflation of an 
empliysematons lower lobe the observations demonstrated in Table II wore made. 

In cases of total atelectasis of the left upper lobe and hj-perinflatiou of the 
emphysematous lower lobe the following findings ivere made; • 

1. The oxygen autiirniion, in thcniortn, was on an average the same before 
(97.6 per cent oxygen) as after (96.9 per cent oxygen) oeclnsion of the pul¬ 
monary veins from tiie diseased lung. 

2. The amount of blood flowing throngli the diseased lung was calculated to 
0 per cent on the mean values. 

3. The amount of blood flowing through the atelectatic lobe (37.4 ml. per 
minute) was considerably smaller than the amount passing the hypeilnflated 
lobe (ISS nil per minute). 

4. The mean oxygen saturation in the piflmonary arteiy (78.1 per eeut) 
was the same as in the superior pulmonary vein (7S.1 per cent) but slightly 
higher in the inferior pulmonary vein (82per cent). 


SUMMARY 

A method is presented for the determination of the I’elatii’e blood flow 
through each limg during iutrathoracic operations on man. 

The values obtained correspond well to the direct measurement of blood 
flow through the opened pulmonary veins when the pnhuouary ai’tery is intact 
in cases of chronic atelectasis or destroyed lungs. 

Acute atelectasis for one hour does not significantly decrease the blood 
flow through the atelectatic lung in man. After atelectasis for one and one-half 
months xn’actically no blood was passing through the atelectatic lung. One year 
later the oxygen uptake on that lobe was 15.7 per cent. 

In eases of chronic atelectasis or destroyed lungs a negligible amount of 
blood passes through the diseased lungs. A higher oxygen saturation in the 
pulmonary ai-teiy than in the pulmonary veins suggests a reverse blood flow 
in the xmhnouavy artery with an admixture of blood from the bronchial 
arteries. In these chronic cases tlie amount of unsatnrated blood leaving the 
Xnihnouary veins is too small to cause a decrease in the oxygen saturation of the 
arterial blood. 
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EESECTION OF MULTIPLE PULIMONARY METASTASES FOURTEEN 
YEARS AFTER AMPUTATION FOR OSTEOCHONDROGENIG 
SARCOMA OF TIBIA 

Apparent Freedom From Recltrrexce Two Years Later 

Edgar P. jMannix, Jr., j\I.D. 

Brooklyn, N. Y. 

A lthough there have been reported only a few patients with metastatic 
pulmonary neoplasms of osseous origin who have been treated by pul¬ 
monary resection, it is noteworthy that some excellent results have been ob¬ 
tained in this group. As earlj’’ as 1SS3, Kronlein^ removed a metastatic sarcoma 
in the left lower lobe; the patient lived for six years after the operation, dying 
of a recurrence of the primary neoplasm of tlie rib but without evidence of 
further pulmonary metastasis. One of Van Hazel’s- patients was alive nh\e 
5 "ears after a left upper lobectomy for a metastatic osteogenic sarcoma. An 
even more striking ease was that described by Edwards^ whose patient was alive 
eighteen years following pulmonary resection for a metastatic sarcoma of the 
fibula. The only reported case of pulmonary resection for multiple metastatic 
neoplasms of osseous origin of which we have lorowledge is that described by 
Weinleehncr.'* This patient died in the early postoperative period. 

In the ease described here, a total of six metastatic neoplasms was discov¬ 
ered in the left luirg during exploratory thoracotomy. Prior to operation only 
one tumor was seen roentgenographically. All the palpable lesions were re¬ 
sected, and the patient, previorrsly suffering from chest pain and hemoptysis, 
has been symptom free and withoirt evidence of recurrence for twenty-four 
months following operation. 

CVSE REPORT 

B. II., a 39-year-old white woman, «as admitted to the University of Micliigan Hospital 
(Beg. No. GG630C) on Oct. 2G, 1930. Fourteen yeais pieviously a left midthigh amputation 
had been performed for an osteochondiogenie saicoma of the tibia (Fig. 1); chest roont- 
genogiams showed no abnormality. In 1949, she develojied pain in the left elicst, night 
sweats, productiie cough, and hemoptysis. At that time there was found in the roentgeno¬ 
gram of the chest a solitary opacity which was considered to be a tubeiculoma. In view of a 
persistence of sjmiptoms and slight enlaigemcnt of the lesion during tlio succeeding jear, 
exploratory thoiacotomy was advised. 

At the time of admission the only abnormal sign was an unexplained tenderness oier 
the amputation stump and along the left side of the chest. Tlie bronclioscopic findings, lab 
oratory data, and roentgenogram of tlie femoral stump were negatiie. 

At operation on Nov. .3, 3930, six inetastases were found in the loft lung (Fig. 2). Tiic 
largest of these, a firm ovoid mass 20 mm. in diameter, was tlie only lesion seen in the 
roentgenogr.im before operation and was one of five lesions located iii the b.i'-ilar sognicuts of 
the left lower lobe. These tumors were lemoied by basilar segnioutcctoiiiy. The si-xtli and 
smallest nodule was found on the anterior surface of the hngiila and was resected loially. 

Fioni the Depaitinent of Siiiiierj'. Uniiersity of ^lichlgan. Ann -Vrbor, 3flch. 

Receued for piiblie.ition Feb. 23, 1953. 
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FiS 1 -^Photomicrographs of the original osteochondrogenic sarcoma of the tibia A, A 
highl> anaplastic area ^\lth many prominent nuclei and nucleoli B, Cartilaginous elements 
with scattered areas of telangiectasis predominate in this section 



RESECTION OF MULTIPLE PULjMONARY METASTASES FOURTEEN 
YEARS AFTER AMPUTATION FOR OSTEOCHONDROGENIC 
SARCOMA OF TIBIA 

Apparent Freedom From Recurrence Two Years Later 

Edgar P. JLvnnix, Jr., M.D. 

Brooklyn, N. Y. 

A lthough there have been reported only a few patients witli metastatic 
pnhnonary neoplasms of osseous origin ivho have been treated bj’ pul¬ 
monary resection, it is noteworthy that some excellent results have been ob¬ 
tained in this group. As early as 1883, Ki’bnlein^ removed a metastatic sarcoma 
in the left lower lobe; the patient lived for six years after the operation, dj'ing 
of a recurrence of the primary neoplasm of tlie rib but without evidence of 
further pulmonary metastasis. One of Van Hazel’s- patients was alive nine 
years after a left upper lobectomy for a metastatic osteogenic sarcoma. An 
even more striking ease was that described by Edwards^ whose patient was alive 
eighteen years folloiving pulmonary i-esectiou for a metastatic sarcoma of the 
fibula. The only reported ease of pulmonary resection for multiple metastatic 
neoplasms of osseous origin of which Ave have knoivledge is that described by 
Weinlechner.* This patient died in the eaidy postoperative period. 

In the ease described here, a total of six metastatic neoplasms Avas discoA'- 
ered in the left lung during exploratory thoracotomy. Prior to operation only 
one tumor Avas seen roentgenographically. All the palpable lesions Avere re¬ 
sected, and the patient, previously suffering from chest pain and hemoptysis, 
has been symptom free and Avithout evidence of recurrence for twenty-four 
months folloAviug operation. 


CASE report 

B. H, a 39 year old white iioman, iias admitted to the University of Michigan Hospital 
(Beg. No. C66306) on Oct. 26, 1950. Fourteen yeais pieviously a left niidthigh amputation 
had been performed for an osteochondiogenic saiconia of the tibia (Fig. 1); chest roeiit 
genogranis shoned no abnormality. In 1949, slie developed pain in tlie left chest, night 
sweats, productue cough, and hemoptysis At that time there nas found in the roentgeno 
gram of the chest a solitary opacity nhicli nas considered to bo a tuberculoma In view of a 
persistence of symptoms and slight eulaigemcnt of the lesion during the succeeding year, 
exploratory thoracotomy was advised 

At the time of admission the only abnormal sign was an unexplained tenderness over 
the amputation stump and along tlie left side of the chest. The bronchoscopic findings, lab 
oratory data, and roentgenogram of the femoral stump were negative 

At operation on Nov 3, 1950, six nietastases were found in the left lung (Fig 2). The 
largest of these, a firm ovoid mass 20 mm. in diameter, was the only lesion seen in the 
roentgcnogiam before operation and was one of five lesions located in the ba-ilar segments of 
the left lower lobe. These tumors were removed by basilar segnientcctomy. The sixth and 
smallest nodule was found on tlie anterior surface of the lingula and was resectid loially 

Fiom tlie Department of Surgerj, University of Michigan, Ann Arbor. Mich 

Receded for publication Feb 23, 1953 
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Fig 1 —Photomicrographs of the original osteochondrogemc „„ elements 

hlghl> anaplastic area ^Mth many prominent nuclei and nucleoli B, Cartilaginous elements 
with scattered areas of telangiectasis predominate in this section 
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The procedure uas uell tolciated and tJie postoperative couise uas uneventful. It is now 
twenty-four months since the operation. The patient has no symptoms, and lateral and 
posteroanterior roentgenograms of the chest are noriiral. 

Ilrstologically the lesions were described as cellular osteochorrdronrata, metastatic to 
the lung. 

DISCUS.SION 

Pathology .—The original neoplasm was a vascvtlar osteochondrogenic sar¬ 
coma (Fig. 1, A and B). Gescliickter® states that the five-year survival rate 
in primary chondrosarcoma is 15 per cent. Inasmuch as there is at present no 
evidence of the existence of neoplasm in the amputation stumiD or elsewhere 
in the bod}', it seems probable that the pulmonaiy neoi^lasms were present prior 
to the amputation of the thigh. It may be that the local tissue resistance of the 
lung to the growth of neoplasms, as recentl}^ mentioned bj' Sommer,® was a fac¬ 
tor in tlieir occasional suppression for so long a time. Metastatic pulmonary 
neoplasms are a threat to the patient not only because of their local effect in 
the lung, but also because they maj’^ act as sources of systemic embolization. 



■pig 2—A low-power mcw of one of the metastatic pulmonary osteochondromata. 

According to Jaffe,' osteochondrogenic sarcoma tends to metastasize to only 
one lung more often than osteogenic sarcoma from wliieh tlie spread is so often 
bilateral. This observation, if confirmed, is obviously of considerable prognostic 
significance. The metastatic neoplasms in our case ajipeared microscopically 
less malignant than the original lesion, but the possibility that they might be 
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cliondromata arising primarily in the lung, as described by Virchow,® is con¬ 
sidered very unlikely. In support of this opinion were the mnltiplieity of the 
lesions, the peripheral location of several of the nodules, the relative rarity of 
multiple primary osteoehondroraata in the lungs, and the similarity of the 
metastases to some of the less malignant areas in the original neoplasm (Fig. 2). 



Figr. 3—A rounded shadow is seen just antenoi to a \ertebrai body and superior to the left 
hemidiaphragm. This p^o^ed to be the largest of the six metastatic lesions. 

Roentgenology .—The importance of ponodically obtaining lateral as well as 
posteroanterior roentgenograms after the removal of primary neoplasms is em- 
phasized by the fact that even the largest of the metastases in our case did not 
appear roentgeiiographically until thirteen years after operation, and then it 
was visible only in the lateral riew (Fig. 3). The radiopaque density within 
the neoplasm (Pig. 4) led originally to an erroneous diagnosis of a tuberculoma 
with calcification. In retrospect, the validity of this opinion might well have 
been questioned because of the history of an amputation having been performed 
previously for osteoehondrogenie sarcoma of the tibia and because of the fact 
that the deposition of calcium is a nonspecific cliange which may occur in tissues 
cha^es?-'^*" degenerative or inflammatory, as well as neoplastic, 
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'Die roentgen deteelion of small pulmonaiy neoplasms presents a problem 
Eigler'^ states that when favorably situated metaslases as small as 2 mm. in 
diameter have been diagnosed but that small subpleural mctastases, which have 
been demonstrated at autopsy later, have not often been apparent radiologically. 



FJs*. -1—A iiiiciophotoiriapli of a section thioxij^h Uic latMopunne density seen near the centei 

of the tumor shown in FiiJ 


In our ease, when the preoperalivc pluuigrams (made at 2 cm. distance from 
one another) were reviewed after operation, a soeoncl neoplasm was delected for 
the first time. The otlier four lesions were not discernible in the planigrams, 
although the smallest lesion found in the lung at operation measured -I mm. in 
diameter. 

Treatment .—The only specific reference to a plan of treatment for multiple 
metastatic neopla.sms of which wc have knowledge is that of iIinor.‘‘ He ad¬ 
vised that the pulmonary lesions should be resected without delaj' in any patient 
whose primary lesion iiad been successfully treated and who had one or more 
pulmonary motastase.s so located that they could be resected without removing 
more than tlic volume of one lung, and who liad no discoverable extrapnlmonary 
metastases. The unexpeeted discovery at the oj'eralion table of six neoplasms 


instead of one, led to some discussion as to the hest course of action in our case. 
Some of the .suraeous felt that the multiplicity of lesions was in all 2 )robabi]it.v 


indicative of a generaii/.ed 


“seeding” with metastases as yet undiscovered. 


and that, therefore, resection was not iiidiealed. Also in defouse of lids o])in- 
ion was the slowness of growtli of the neo})la.sms already discovered, .uu! the 


consequent hope that many more years would pass before death. 
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Resection of the tumors in our case was decided upon because; 1. There was 
virtually no hope for cure if the metastases were not removed. 2. The patient 
was-a young woman Avith an otherwise long life expectancy, and for Avhom the 
operatii'e risk ivas small. 3. The results obtained in the treatment of solitary 
pulmonaiy metastases of various types (especially sarcoma) hai'^e been so en¬ 
couraging in selected eases that an aggressive policy in regard^ to multiple 
metastases seemed Avarranted. In this respect, fear of the likelihood of the 
later appearance of pulmonary or other metastases should not necessarily detei 
the surgeon from resection, A patient described by Alexander and Haight” 
was free of recurrence twelve years folloiving bilateral pulmonary resections 
for metastases. 4. The metastases in our ease apparently were the cause of 
pleuritic pain and hemoptj^sis. These symptoms disappeared after the resection. 
Seiler and his associates” felt that palliative resection for metastatic malignant 
lesions Avas occasionally justified. 5. The rare possibility of multiple primary 
neoplasms of the lung could not be excluded. 

Prognosis .—Although the appearance of additional metastases in the lungs 
or elsCAvhere is a definite possibility in our patient, especially in vicAV of the 
microscopic appearance of loAV-grade malignancy, their not having done so in the 
two years since the thoracic operation is obA'iously a hopeful sign. 


SUMM.A.RY AND CONCLUSIONS 

1. A ease is reported in which six metastatic osteochondrosarcomata Avere 
removed from one lung fourteen years after a midthigh amputation for osteo- 
chondrogenic sarcoma of the tibia. 

2. The patient has been freed of symptoms, and ilb recurrence has appeared 
since the pulmonary resections; these Avere done twenty-four months ago. 

3. In selected cases a more aggressive attitude than heretofore employed 
may be indicated in the treatment of multiple metastatic pulmonary neoplasms. 
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Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting: 

The 3-ith annual meeting of the American Association for Thoracic Surgery will be 
held May 3, 4, and 5, 1954, in Montreal, Que., Canada. Headquarters will be at the 
Sheraton-Mount Eoj'al Hotel. 

Requests for Hotel Reservations 

These should be mailed directly to the Beservation Manager, Sheraton-Mount Eoyal 
Hotel, Montreal, Que., Canada. Please mention this Association, type of accommodation 
desired, date, and approximate hour of arrival. If accommodations are desired elsewhere, 
please communicate direct!)’ with hotel of your choice. 

Thoracic Surg-ical Forum 

After due consideration, the Council has decided to try an experiment by assigning 
one morning session to a "Thoracic Surgical Poruni” for the presentation of short papers 
on current thoracic research, anatomy, modifted surgical techniques, etc. Papers at this 
session will be limited sharply to ten minutes (including the showing of lantern slides or 
other illustrative material) with three minutes as the maximum discussion of each paper. 

These papers ivill be publisiied together in one issue of The Jouenae of ThoRiVCIC 
SunoEBY, Ma.ximum length; 3,000 uords without illustrations. If illustrated, an appropriate 
number of words must bo subtracted for each cut used. 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1954 meeting, including papers 
before the Forum, must be received on or before January 1, 1954, otherwise they will 
not be considered by the Program Committee. 

Abstracts should be labeled “For Forum” or “For Regular Program." 

Five, irpent fire, copies of each abstract should be sent to the Secretary of the Asso¬ 
ciation, Dr. Paul C. Samson, 29.3S McClure St., Oakland 9, Calif. They should not bo sent 
to the Editor. 

The abstracts should contain from 200 to 250 rvords and accurately reflect the con¬ 
tents of the completed p.aper. 


Applications for Membership 

Applications for A.ssociato Membership in the Association must bo received by the 
Membership Committee not later than Jan. I, 1954, to be considered for action in Jfontreal. 
Applications received beyond tin’s de.adline will be deferred for consideration until 1055. 

Applicants must be sponsored by tliree Active or Senior Members of the Association. 
In addition to tbe sponsoring statement on the application form, the sponsors must submit 
a separate letter concerning tbo applicant direct to Dr. Dyman H. Brewer, HI, Chairman 
of the Membership Committee, 2010 ’VS’ilshirc Blvd., Los Angeles, Calif. Completed 
application forms should likewise be sent to Dr. Brewer. These regulations are at the 
Erection of the Council and were made effectii-o in 19.52 at Dallas. 
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THE EXPERIMENTAL CLOSDRE OE ATRIAL SEPTAL DEFECTS 

Harris B. Shumaci^r, Jr., il.D., Thomas C. :Moore, il.D. (by invitation), 
AND IUrold King, M-D. (by ikhtation) 

Indianapolis, Ind. 


I T 'NVAS the object of this study to explore various methods for surgical closure 
of atrial septal defects aud, if possible, to develop a method applicable to 
human patients. It was our original feeling that the ideal procedure for use 
in patients would be one which would be applicable to all types and sizes of 
atrial septal defects, which ivould give fairly certain assurance of complete 
closure of the defect, preferablj' ivith autogenous tissue, and which could be 
accomplished in a dry field without loss of blood, without interference with 
cardiac function, without the necessity of using anticoagulants, and ivithout 
the hazard of air embolism or intracai'diae thrombosis. 

Healthy mongrel dogs were used. A large atrial septal defect made 
through the opened right atrium during nionieutary occlusion of venous inflow 
was created in each animal either immediately before the closure or at some 
time previous to it.^ Folloiving induction wuth intravenously administered 
pentobarbital sodium intratracheal ether-oxygen anesthesia was employed, using 
an intermittent positive pressure apparatus. The heart was exposed through a 
long right intercostal incision. Penicillin was given postoperatively for tlie 
first week. No anticoagulants were used. 

As compared with the situation w'hieh one might expect to encounter in 
human patients, the attempt.s at surgical closure of atrial septal defects in ex¬ 
perimental animals were performed under certain handicaps. If the defect 
were made some lime beforehand, application of the graft wms facilitated be- 
cause t be margins of tbe defect were firm and took sutures well. The pleural 
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Announcement 


THE AliIEElCAN ASSOOIATIOX FOR THOIELCIO SURGERY 
Notice of AiuiTLil Meeting' 

X-s S4:i of lie A:uerieaa As<c-e:a:5ou for Xhoracie Sur^eiy Trill te 

teld May 3, 4, anil o, l;”5-3j is Moa:re;U, Qae-. Coaaca. HeaiiMaiters ttIU be at tie 
Sieratoa-Mo-iai iloyal H-etci 

Keoaests for Hotel Reserviitiojis 

Tf-i-ie jieala be atailevi JtVietl'j to tie bleaerraliea Matia^’t, Sieratoa-Muttai Sojal 
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SHUilACKEK ET AL.: CLOSURE OF ATRIAL SEPTAL DEFECTS 

Two of the three open sides ivere closed mth continuous sutures. The pocket 
t »To have the smooth inuet surface ^tside. The we nug 
was inserted and the remaining open side closed tvith an inveiting su me 
(Fio- 1 c). Thus both types of graft were covered with smooth uninjured 
niesotlmlium. By clamping the ring at one point through the overljmig is¬ 
sue the disclike graft could be held perpendicular to the long axis of the 
clamp. A suture was placed opposite the clamp and the ends left long. s 
soon as the atrium was opened, the graft was placed over the defect and the 
previously placed suture was passed through the margin of the defect and 






Fig:. 1,—Diagrammatic illustration of method of constructing wire ring-splinted grafts of 
atrial appendage (a- and Zi) and pericardium <c) and method of ftxing double onlay graft 
with wire sutures td and e). 


tied. The suture was then eontinued around the pei-iphery, fixing the mar¬ 
gins of the graft to the edge of the defect. After a brief period the clamp 
was removed, the suture brought out through the cardiotomy opening which 
was closed temporarily with a Satinsky or an angiilated Potts or Glover clamp, 
the vena caval obstruction released, and the lungs hyperventilated with oxy¬ 
gen. A complete circular suture could generally be completed during three 
short periods of vena caval occlusion. The results of such direct continuous 
suture are exemplified by the following experiments; 

Doo 93. X large septal defect was made during a forty-second period of venous ob¬ 
struction. A splinted graft of auricular appendage was sutured in place with a continuous 
suture of fmo steel wire during three periods of occlusion of venous inflow of 9a 117, and 158 
seconds’ duration. Heart action was never prouGly established after the last period and 
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and pericardial adhesions from the iii’st operation, hoM-ever, added to the dif¬ 
ficulty of exposure and tlie previous incision through the atrial wall was partic¬ 
ularly troublesome when the method of closure necessitated insertion of a peri¬ 
cardial pocket in the same area. Creation of the defect immediately before its 
closure eliminated the latter obstacles but the fresh pliable margins of the defect 
made the suturing of the graft in place somewhat more difficult than would have 
been the ease with a defect of long duration. As a consequence, both freshly 
created and older defects were utilized, the former jiartieularly in those experi¬ 
ments requiring the fixation of a pericardial pocket to the edges of an incision in 
the atrial wall. 

onlay graft through ofe.n right atrial cha.aiber 

This group of experiments was concerned with the direct application of 
an autogenous graft to the septal defect through the opened right atrium dur¬ 
ing temporary occlusion of the inferior and superior venae cavae and the 
azygos vein. 

Direct Circular Suture of Graft to Margins of Defect. —Pi’eliminary ohscr- 
vations revealed two facts of significance. In the first place, in contrast to the 
situation with the intact normal heart, the iieriod of .safe occlusion of venous in¬ 
flow into the right side of the heart is markedly shortened if the right atrium 
is opened at the same time and a graft sutured to the margins of the defect. 
Templeton and Gibbon- found that systemic venous return to the intact normal 
dog’s heart could be blocked for periods up to nine minutes with survival of the 
animal. In other experiments dealing with the production of atrial septal de¬ 
fects,* ue learned that the period of venous occlusion had to be shortened con¬ 
siderably in order to assure survival. Though the safe upper limit was not de¬ 
termined statistically, we cut the period of occlusion to around one minute or 
less and eliminated fatalities. Similarly, in our early efforts with the grattmg 
of septal defects it was apjiarent tliat only a brief interval of obstruction of 
venous inflow M'as compatible with survival. In the second place, it soon became 
evident that unsujipoi’ted grafts of pericardium or of auricular appendage could 
not easily be sutured in place during short periods of occlusion. Suturing was 
time consuming even though the graft was kept flat and taut by traction on 
the sutures placed equidistantly along its margins. The traction sutures and 
the clamps attached to them got in the way and reduced the si)eed of suture. 

AVe therefore rc.sorted to means of splinting Ihc graft. The grafts were 
made either of auricular appendage or of pericardium. AVhen the aiipcndage 
was used it was excised competcly after clamping its base. The pectinate muscles 
which joined the two walls were divided and a circular ring of stainless steel 
wii’e was inserted into the cavity. The open margins of the appendage at the 
base were then closed with a continuous inverting suture of 00000 Deknatel 
(Pig. 1, « and b). 

Pericardial grafts were made in similar fasion. A segment of pericardiuui 
of suitable size, i-ectangular in shape and roughly twice as long as wide, 
exeised. The pericardium was then folded on itself so as to make a sqmne 
of double thickness with the external surface of the pericardium exposec. 
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Other Modifications.—Another method utilized a double pemcardial graft, 
each of which was stretched over a wire ring. To one of the rings were fixed 
two mre sntm-es, opposite one another (Pig. 1, d and e). The other imig had 
two small loops opposite one another. The first graft was introduced into the 
atrial chamber and pushed through the defect into the left atrium. The two 
wire sutures were directed through the margins of the defect and out into 
the right atrium. They were then passed through the tiny wure loops of the 
other graft which was pushed down against the defect. The two sutures were 
quickly tied over this graft so as to hold it snugly against the other with the 
rim of the defect interposed between the peripheral portions of each. ^ The 
excess ndre was cut away and the cardiotomy closed. The results are illus¬ 
trated by the following example; 



Fig. 2.—-Photograph of septum in Dog 191 three months after repair by double onlay wiie 
splinted pericardial graft. The erosion of the w ire rings into the atrial cavity is seen. 

Dog 191.—A large septal defect -nas created and repaired at the same operation. The 
r animal was sacrificed three mouths later. The graft was smooth and firmly united with 
the septum. The original defect was so nearly completely closed that there appeared to 
be no functioning defect though actually a tiny opening remained. The wire rings were 
not \i3ible from the left atrial side. Through the right atrium one could see a small seg¬ 
ment of the deeper ring covered with endothelium (Fig. 2). About 40 per cent of the 
larger ring of the second graft had eroded through. The wire suture over the ^raft could 
be seen under a thin endothelial cover. There was no thrombus and no obstruction to the 
ostia of venae cavae or coronaiy sinus. 

Other measures were employed vvdth less success. For example a splint 
was constructed with two cross bars pa.ssing at right angles across the riim. 
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ceased shortly afterward. Post-mortem e.xamination revealed the defect to be tightly 
closed. There was no obstruction to the ostia of the venae cavae, nor were there any 
thrombi upon the graft or within the heart. 


Doo 94.—A largo septal defect was made. In three sessions a splinted circular graft 
of auricular appendage was sutured in place with a continuous wire suture. The three 
periods of vena caval occlusion a%'craged eighty-eight seconds, the total period of occlusion 
being four minutes and twenty-throe sccond.s. The animal was sacrificed two days later. 
The graft was securely sutured to the margins of the defect closing it tightly, and no 
thrombi were present. The wire ring lay within the graft. 


Dog or.—A large septal defect was made. This was followed by suturing in place a 
splinted pericardial graft with a continuous wire suture during three periods of obstruction 
of sj’stemic venous inflow of appro.vimately the same duration as in Dog 94. The animal was 
.sacrificed nine months later. The graft was well healed to the septum and the defect was com¬ 
pletely closed. A portion of the wire ring projected into the right atrium caudally, lying 
alongside the posterior portion of the inferior vena caval ostium. There was no obstruction 
and no thrombi were present. 


Fixation of Graft htj Suture.-; Passed Throu(jh Septum and Out Through 
Atrial Wall. —In order to shorten the period required for fi.Kiug the graft to 
the septum, a number of modifications were tried. In some animals, five silk 
sutures were placed through the rim of the splinted graft, equidistant from 
one another, and tied. Both ends of one suture were left long. One end of each 
of the other sutures was cut short while the end to which the needle was at¬ 
tached was left long. As soon as the right atrium was opened, the first suture 
was passed through the posterior margin of the defeet and tied. The other 
four were then passed through the septum and out through the atrial fvall. 
One suture went through the posterior caudal lip of the defect and out of the 
atrium under tlie inferior %’ena cava. Another passed through the posterior 
caudal lip of the defect and out of the atrium under the inferior vena cava. 
Another passed through the posterior cephalad portion of the margin of the de¬ 
fect and emerged underneath the junction of tlie superior vena cava and tlic 
auricular appendage. The other tAvo sutures were directed through the anterior 
rim of the defect and out thi-ough the interatrial groove. A clamp ivas placed 
across each suture at the point Avhere it passed out of the atrium in order to 
keep it taut so the graft Avould be held in proper position. After closing the 
cardiotomy opening, each suture was secured by tying it to a fine silk suture 
passed through the adjacent auricular wall. The results of these efforts are 
illustrated by the folloiving experiences: 


Dog 115.—Closure with an auricular appendage graft was attempted by the method 
outlined fifteen days after creation of a large defect. The procedure required obstruction 
to venous inflow for seventy-five seconds. Six days later the dog died of pneumonia. The 
graft was in place and the defect «-as closed in large, part. The posterior caudal suture 
had pulled out of the septal margin and a tiny defect had re.sulted. No thrombus was 


present. 

Dog 117.—Thirty days after the production of a large septal defect it was lep.iind in 
the same manner as that used in Dog 115. Forty-six days later the animal was sacn ec . 
The graft was securely healed to the margins of the defect, closing it completely, 
no thrombus and the graft was covered with smooth glistening endotlieliuni. A sma p 
of the wire had eroded into the left atrial cavity along the caudal portion of the „ 
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ECSERTIOX OF GRAFT THROUGH A RUBBER-CAPPED CTLDvDBIC GLASS VHArDOW 

Glass cylinders about 2 em. long and of varying diameter -vrere constructed. 
A ridge "was lasbioned near either end in order to keep an encircling lig¬ 
ature from slipping off. A piece of rubber dam nras secured over one end Avitb 
a ligature (Fig. 3, a). A purse-string suttue was placed about tbe mid-portion 








556 


THE JOUKXAL, OF THORACIC SURGERY 


The four ends of the cross bars were twisted about the ring and cut about 4 
or 5 mm. long so as to leave four sharp spikes projecting perpendicularly to 
the plane of the splint. The splint was covered with a graft. The mid-por¬ 
tion where the cross bars intersected Avas grasped ^vith a clamp. The graft 
was thrust through the defect into the left atrium and an attempt Avas made 
to pull it upward against the septvuu so that the four spikes would perforate 
the septal margins. This maneuver was found to be awkward and generally 
unsatisfactory. Some of the spikes bent and did not perforate the septum. 
Sometimes one or more would come tlirough pi'operly while otliei’s would slip 
into the defect. Furthermore it was usually not possible to bend them so as 
to engage the graft firmly to the rim of the defect. Various modifications 
were tried but none lU'oved satisfactory. 

Comment .—It was apparent that the dix'eet application of onlay grafts to 
atrial septal defects by direct suture diu-ing periods of obstruction of venous 
inflow Avei'e attended bj' sufficient hazards to make its use in hiunan patients 
unjustified. 

The safety of the operation could be increased by various modifications 
wliich enabled the surgeon to fix tlie graft in place during a single brief period 
of venous obstruction. For those who may attempt such direct repairs through 
the open atrial chamber, either under conditions of li 3 -pothermia or during ex¬ 
clusion of the heart with tlie use of an extracoi'poreal pump-oxygenator appara¬ 
tus, certain of our experiences maj" prove helpful. First, grafts made either of 
auricular appendage or of pericardium, so constructed that their external sur¬ 
faces presented an uninjured smooth mesothelial surface, appeared to be en¬ 
tirely satisfactory in the dog. They united well with the septum and no gross 
thrombi developed upon them. As will be developed subsequent!}', however, it 
is doubtful that large free grafts of the thicker Inmian pericardium or atrial ap¬ 
pendage will prove satisfactory and it may be jireferable to utilize inert plastic 
discs. Second, the suturing of free autogenous grafts hi place was greatly facili¬ 
tated by splinting them. Though the circular wire splints used never became 
completel.v dislodged and, during the period of observation, never appeared to 
cause difficult}', they tended in time to erode partiall}' through the graft and to 
project into the atrial cavity. Perhaps the same end could be accomplished by 
some absorbable splint such as a fibrin ring or disc. It would probably be prefer¬ 
able to utilize inert plastic discs instead of autogenous tissue. Third, the free cir¬ 
cular grafts were more reliably fixed so as to accomplish complete closure when 
they Avere united to the margins of the defect by direct continuous suture. BIul- 
tiple interrupted sutures would seemingly also be satisfactory. The use of mul¬ 
tiple sutures tied to the edge of the gi-aft and thrust through the septum and 
out through the atrial AA'aU reduced the speed of apirlication of the graft and 
was reasonably reliable though it was more often folIoAved b.v persistence of small 
defects. If this method were combined with the use of a feAv direct sutures 
of the graft to the margin of the defect tlie percentage of complete closures 
would undoubtedly be increased. 
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sevted into the azygos vein as it entered the superior vena cava. In the le- 
mainder the cylinder was inserted through the base of the appendage. The 
attempts at closure were carried out from sixteen to fifty-three days after 
creation of the septal defect. 

The chief obstacles encountered Avere the occasional crossing of sutures 
as they Avere inserted and the difficulty of accurate placement of the tAvo pos¬ 
terior sutures. The results varied. In most of the animals the original septal 
defect Avas closed in its anterior portion but the posterior third of the defect 
remauied open. In only one case Avas complete closure secured. The sutures 
caused no intracardiae thrombosis and Avere often not Ausible at the time of 
final examination, being buried in the septum. The results obtained are illus¬ 
trated by the folloA\-ing experiences; 

Dog 196,—An atrial septal defect appro-vimately 1.7 cm. in diameter was made. 
Seven weets later using a pericardial graft and wire sutures closure was attempted. Be¬ 
fore closing the opening in the base of the appendage a finger was introduced into the 
right atrium and the area of grafting palpated. The posterior sutures had not been placed 
accurately and the posterior part of the defect was not completely closed. The animal was 
sacrificed sis and one-half months later. The anterior portion of the defect was nearly 
closed but approximately one-fourth of the original defect was open in its posterior part. 
The graft was nicely united to the septal wall and was covered with glistening endothelium. 
The sutures were not visible on the interior of the heart and there were no thrombi. 

Dog 199.—Two and one-half weeks after creation of an atrial septal defect approxi¬ 
mately l.S cm. in diameter, repair was carried out in the manner emplo.ved in Dog 196. 
The heart was examined two weeks later. The defect was closed completely. The graft 
appeared well united with the septum. There were no intracardiae thrombi. 

Comment .—The pfiiieiple employed has certain Aurtues. The method per¬ 
mitted the insertion of a graft into the interior of the heart Avithout inter¬ 
fering Avith cardiac function, Avithout loss of blood, and AAnthont apparent 
hazard of intracardiae thrombosis or air embolism. Use of the base of the 
appendage for insertion of the cylinder, hoAvever, fixed the cylinder some dis¬ 
tance from the defect and, in spite of the fact that it could be brought nearer 
the defect by virtue of the mobility of the ati-ial Avail, made accurate place¬ 
ment of sutures somcAvhat difficult. It Avas apparent that the method might 
be modified to advantage. If the larger glass or plastic cylinder Avas intro¬ 
duced through the atrial Avail near the site of the defect it Avonld appear eA’i- 
dent that sutures could be placed Anth greater accuracy, crossing of sutures 
avoided, and complete closure more often achieved. Furthermore, a finger 
introduced through the atrial appendage Avould facilitate placement of mi- 
tures. It is planned to investigate this matter in the near future and to use 
plastic rather than Auable grafts. 


CLOSURE OF DEFECT BY USE OF .\ FEEIC.USDLAL POCKET 
AFFIXED TO AX IXCISIOX IX THE -\.TRI.AL AVALL 

The operative technique finally evolved is as folloAvsU A lai-e segment 
ot the presenting pericardium is excised after remoA-ing anv fatty tissue nre 
m e..=™al sarfac. I, is trimmed a roughly sguate shTpa ip: 
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of the right auricular appendage. The appendage was clamped at its base, 
the tip amputated, the pectinate muscles divided, and the cylinder fixed in 
place by drawing the suture taut about its base (Fig. 3, h). The clamp was 
released and blood allowed to flow up into the cjdinder. A needle was intro¬ 
duced into the cylinder through the rubber diaphragm and a small amount of 
heparin solution injected. Am was usually not present in discernible quantity. 
If present, it would rise to the top of the cylinder and could be withdra'wn by 
aspiration into a syringe. 

A modified small aneurysmal needle with the end sharpened and made into a 
right angle curve Avas passed through the rubber cap and cjdinder into the right 
atrial chamber (Fig. 3, c). 

Ordinarily it was easj^ to locate the defect and to pass the needle through 
it into the left atrium. By brmging the end of the needle up against the left 
atrial wall just bejmnd the septum one could see it push the wall out, feel it, 
and be certain that it had passed through the defect into the left atrial chamber. 
It Avas then passed through the left atrial Avail anteriorlj' near the cephalad mar¬ 
gin of the defect. A fine Avirc or silk suture AA'as tiireaded onto tlie needle. One 
end Avas held Avhile the needle AA^as Avithdrawn through the defect, the right 
atrium and the cylinder. 

In succession three otlior sutures Avere placed (Fig. 3, d), one emerging 
from the left atrium near the anterior caudal portion of the defect, one 
through the posterior caudal portion of the defect and emerging from the 
posterior aspect of the atrial Avail near the inferior vena cava, and one through 
the posterior cephalad portion of the septum and passing out of the ati'ial 
Avail near the posterior sni'faee of the atrium betAveen superior vena cava 
and ajApendage. The cjdinder Avas elevated, the base of-the appendage again 
clamped, the rubber dam ixmioved and stripped off the sutures, the cjdinder 
irrigated with saline solution and the four SAitures fixed to the four corners 
of the graft (Fig. 3, e). By drawing up on the various sutures AA'hich had been 
passed through the atrial Avail Avhile the clamp Avas loosened slightly the 
graft could be pulled doAvu into the glass chamber. The top of the cylinder 
was then eoAmred Avith a finger, the clamp released and the graft draAvn into 
the atrium (Fig. 3, /) and snuglj'- up against the septal defect. The base^ of 
the appendage Avas then clamped, the glass cylinder removed, and the opening 
subsequentlj'^ closed Avith silk sutures (Pig. 3, g). Each of the sutures at¬ 
tached to the graft aa^s fixed to the atrial AAmll at its point of emergence bj' 
tying it to a fine silk suture placed in the atrial AAudl. The graft could thus be 
inserted AAdthout loss of blood and in no case Avas clotting a problem, nor air 
embolism. 

This principle Avas employed Avith vai’yiiig success in nine animals. In 
one the graft Avas a Avire ring-splinted pericardial graft, in Iavo a segment 
of inverted external jugular vein, in six a pei-icardial graft constructed in the 
manner previously described but AAdthout a Avire sjjlint. Wire sutures were 
used in seven animals, silk sutures in tAAm. In one case, a modification of the 
method of placement of the glass cylinder was used, the cylinder being in- 
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wall snnglT agaiasi tixe septum. 'With praetiee the posterior wall can be 
kept in nroper position so as to outline the margin of tlie defect and the excess 
of the pocket can be kept from baUooning out iitto the field and ohsenring 
vision. A 0000 catgut suture is theu passed through the pericardium and the 
anterior lip of the margin of the deieet. it is tied and continued as a locking 
suUire around the lim of the septal defect iFig. 51. At the completion of 
the closure it is tied to the other end of the suture. If desired it can he snp- 
nlemented by a few interrupted sutures. By its purse-srriug e&eci, it not 
onlv seals ou the defect Avith the pericardial graft but also reduces the cross- 
secliontil area of the defect. If at the completion ot the jjrocediU'C there is 
no excess of pericardium, the lungs are hulatfed and the chest waU closed. In 
rare instances there is an excess of pericardium. In such eases a portion of 
the pocket bulges out of the atrium. The protruding perieardiaui is then 
clamped, amputated, and the cut margins approxintated with a fine silk sumre. 



5,-~lUii~trauoa of i3io of sntunng 

Tr.e -ulure h. 

or atnai conipleXjoa of op^raUoa- 


the i>ct5tt:ncir 'wall of r>cric^uiuiii to tim 
Thtr c^wlur^ 1 - conipl-iv^i, c. Appearance 


la actual practice the defects made were oitou so larue as to leave no 
nm of septum aiueriorly. In cases the sunues were passed from neri- 

cardimu out through the lett atrial trail immediatelv adjacent to the intera- 
ttnal groove and baek again through the periearilium. Often, too, there was 
no palpable nm at the inferior aspect of the defect. In such cases sutures 
nere pa^ed out through the left atrial wall alongside the posterior aspeer of 
he pn.Miual end or the mienor cava and baek throush the pericanlitni 

Bunug our early experiences various methods of suture uere tried and 
anous Sites and shapes ot pericardial pocket were tested. lu some instances 
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proximately 6.5 cm. in diameter. Care is taken to keep the graft moistened 
with physiologic saline solution and to avoid injury to the smooth cardiac 
surface. The square is folded on itself with the external surface outside and 
each of the two shorter open sides of the resultant rectangular graft are closed 
with a fine silk purse-string suture (Fig. 4). There results a pocket open at 
one end. 



Fig -i —Drauing illustiating' technique of constiuction of poiicaidial pocket and its fixation 

to an incision in the atiml wall 

Traction sutures are placed in the atrial wall roughly isarallel to the in¬ 
teratrial groove, the low'ermost suture being in the anterior w'all of the proxi¬ 
mal end of the inferior vena cava, the uppermost near the end of the superior 
vena cava, or, in case the heart is small, more cephalad near the base of the 
atrial appendage. During momentary occlusion of the sj^stemic venous in¬ 
flow, an incision is made and a defect of the atrial septum roughly 2 cm. in 
diameter is created. The atrial incision is closed wdth a modified angiilated 
Glover clamp and the venous obstruction released. The open edges of the 
pericardial pocket are then sutured to the edges of the incision using a con¬ 
tinuous 00000 silk suture interrupted in at least one place (Pig- 4). On re¬ 
lease of the clamp the pericardial pocket fills with blood and bulges out. It 
is now invaginated into the atrial cavity, its smooth and uninjured cardiac sur¬ 
face presenting on the interior of the heart. Its posterior ivall is pushed 
against the septum and the defect can be accurately palpated and outlined. 
The tip of the left index, and sometimes that of the middle finger, is kept in 
the pocket and serves both to retract the anterior and to push the posterior 
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Small gi'tV gratiuloDias were observed bemrecn lie adierent anterior and pos¬ 
terior layers of pericardial pocket. 

For tbii; reason it tvas decided to employ a eatgnt sntttre. Tiese enorts 
are considered in tvro groups. The nrsi tvere made vriti pericardial pockets 
of varying size and shape and before tve were aware of the extreme impor¬ 
tance of utilizing an incision in the atrial wall of adequate length. Closure in 
this group of nine animals, exjunined from two to fifty-three days after repair, 
was either complete or nearly so. residual openings varying in size from 1 to 
3 mm ill diameter. The second group of nine dogs was operated upon after 
the previously desc-ribed technique had been fnlly developed. One heart was 
examined five days, one twenty-nine, and one thirty-seven days after opera¬ 
tion. The others were studied from six to seven weeks after repair. Closure 
was complete in se\cn while in two a pin-point opening 1 mm. in diameter 
eould be found. Sinee the results were consistent the Series was not enlarged. 



The operation was io^e»-ated vsli 

in%ened pericardial tjocke*'technioue th-e J^^ted by the 

and pneiMonin. to ,h.se oie ^5 ^ 

..sn> -.nta ano.... dog and ona »hioh .,oaa aaorMood beca'i^«to 
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the pocket was made iu a rectaiigulai* fashion by closing witliout purse-string¬ 
ing the tiYo shorter ends of the overfolded pericardium. In some a triangular 
pericardial pocket was constructed. 

In nine dogs the posterior wall of the pocket was fixed to the rim of the 
defect by interiupted silk sutures, often fairly widely spaced. The hearts were 
examined from three to seventy-two da 3 ^s later. In three dogs a fairly sizable 
residual defect was found, in three dogs closure was complete, while in the 
others closure was practically complete, the residual defects ranging in di¬ 
ameter up to 4 mm. It is important to remember that when a defect 2 cm. 
in diameter is reduced to one 4 mm. in diameter the surface area of the opening 
has been reduced by over 96 per cent and wlien reduced to one 2 mm. in di¬ 
ameter by 99 per cent. 



Fig. G.—Electrocardiograiihic tiacings during operatue repair of atrial septal defect by 
the invaginated pericardial pocket technique. A, Lead II tracing during clamping or atriai 
wall (arrow) after creating septal defect B and C. Lend II tracings and Z> and -a. Lean 
III tracings before and immediately after repair of defect. 


In four animals the posterior wall of the pocket was united ivith the mar¬ 
gin of the defect with Michele clips applied with a specially designed instru¬ 
ment. One defect was only half closed; in one dog there ivas a residual open¬ 
ing 4 mm. in diameter, and in two dogs closure was complete. An occasional 
clip was seen to have eroded partialljr into the atrial cavity though none was 
dislodged. 

In two dogs a continous fine silk suture was used. In one animal exam¬ 
ined three months later theie was a tiny opening 2 to 3 mm. in diameter. Clo¬ 
sure was complete in the other which iias examined four months after repair. 





SHUlI.i.CKER ET AL.: CLOSURE OF ATRIAL SEPTAL DEFECTS DDO 

Comment .—This method seemed highly satisfactory and eminently suit¬ 
able for use in human beings. Actual experience-® has shown that the-pro¬ 
cedure is withstood well by patients and that the defect can be securely closed 
at the time of operation. It has become evident, however, that the pericar¬ 
dium placed over a large defect may disintegrate completely, presumably 
from failure of sufficiently rapid vascularization of the free transplant. It 
might be supposed that the method could be successfully modified by employ- 
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age siift'ered at the lime of operation wliile an pmj)ty oxygen tank was tardily 
being replaced, all the animals quickly recovered from the proeednre and re¬ 
mained in excellent health. No significant electrocardiographic alterations 
were Jioted after making the atrial septal defect, after placing the clamp on 
the atrial wall, or after repairing the defect (Fig. 6). 



Fijj. S—Photogiaph sliowing lepaned septum in Dog fi\o and one-lialf weeks aftei 
repair as seen fiom light atnal side The ostia of the \enae ca\ae and coronaly siiuis are 
unobstructed It can be seen that the original defect was praclicaUy complete extending 
from the infenor to tlic superior vena caval ostium and dowm to the ilooi of the atrium. 


The two layers of the peiicardial pocket quickly became sealed together. 
The graft became smoothly fused with the septum. When examined some 
time after repair the graft was covered Avith smooth endothelium. Intraear- 
diac thrombi were not obseiu'^ed. Fi'om the left atrial side the grafted area 
Avas hardly distinguishable from the remainder of the septum (Fig. 7). In no 
case Avas there encroachment upon the pulmonary veins. From the I'igiit 
atrial side the thickened area of the pericardial gi-aft Avas more readily identi¬ 
fied. It Avas eOAmred Avith smooth endothelium and did not encroach upon the 
ostia of the venae caA'ae or coronary sinus (Fig. S). illieroscopically the fi¬ 
brous tissue of the graft Avas firmly united Avith the muscular tissue of the sep¬ 
tum and AA'as covered Avith smooth endothelium (Fig. 9). 
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thaiL 1 cm. At times thrombosis oeeurred and occasionally this process com¬ 
pleted the closure o£ a defect which had been incompletely closed by the oper¬ 
ative procedure. 

Since onr omi experiments were begun a number of additional reports 
have been recorded. In 1951 llartin and Esse.x" described the use in eight 
dogs of a small polyethylene disc, either bare or covered ivith an inverted seg¬ 
ment of azj-gos vem. The defects were created immediately before closure 
was attempted and were made by blind incision of the septum rvith a knife in¬ 
serted thi-ough the auricniar appendage. The discs measured either 1 by 1, 
or 1 by 2 cm. in size. They were introduced through a small atilal incision 
after three attached sutures had been jiassed blindly thi'ough the septum and 
out of the atrial wall. The defects were very small and the authois lepoited 
considerable variation in the aeeui'aej' of placement of the graft. They aban¬ 
doned efforts to close defects through the opened right atrium diu-ing tempo¬ 
rary vena eaval occlusion because of the proliibitively high mortality. In the 
same year Hufnagel and Gillespie^® reported the successful closure of defects 
by means of a plastic prosthetic device consisting of two discs which could 
be secured together, one on either side of the septum. In 1951, Dennis and his 
associates'^ also recorded their fatal effort to close a septal defect through the 
opened atrium in a patient in whom a piuup-oxygenator was used to I'eplaee 
heart and lung function. 

The follon-ing year Kiilluk, Hoag, and lIerindino“ described the creation 
through the opened right atrium of large septal defects -ivhich tended to re¬ 
main open during long periods of observation. They attempted closure by 
three methods; the suture of an infolded segment of auricular wall into the 
defect, the direct closure by suture of the defect through the opened atrium, 
and the nonsuture pluggurg of the defect by a specially constructed pericar¬ 
dial graft introduced through a biauricular approach. The closure was com¬ 
plete in four of six dogs treated by the finst method, five of six treated by the 
second, and three of six treated by the third. 

After our stixdies were completed additional reports appeared in the litera¬ 
ture. Cookson, Xeptune, and Bailey'® recorded experiences ndth the use of 
hypothermia in human cardiac surgery. They included a fatal case in which 
repair of an atrial septal defect was attempted through the opened right 
atrium. The patient died of ventricular fibrillation. The authors concluded 
that open operations for closure of atrial septal defects were contraindicated 
because of the hazard of air embolism. 


SnbscqueiUly Lewis and Taufic” reported the ease of a 5-yeai--old girl suc- 
cesshdly treated during a period of hj-pothermia by direct closure of a septal 
defect through the opened atrium. They operated upon twenty-six hypo- 
thenme dogs for closure of expei-imentaiiy produced atrial septal defects. 
One defect was found to have elo.sed spontaneously. Seventeen dogs .survived 
opening the atrium and repairing the defect. There were eight deaths, four 
trom ventncular fibrillation. In two of the latter there was obvious coroiiarv 
air cmbolLsm. i^eyen additional animals had ventricular fibrillation but re¬ 
covered. One death occurred in the last ten closures. 
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ing a pocket of inert plastic material and suturing the incised atrial wall care¬ 
fully after completing closure of the defect. Such experiments have been 
initiated. They have thus far shown that the modification is technically satis¬ 
factory and is ivithstood ivell bj'’ the animals. A second modification is also 
being studied and is similarlj' technically feasible and well tolerated. This 
involves direct suture of a plastic disc to the rim of the defect through the 
invaginated pericardial pocket. Both methods are to be carefully evaluated. 
The first seemingl.y is more promising for human application since it elimi¬ 
nates the possibility of intraeardiac disintegration of pericardial tissue. 

DISCUSSION 

Before the studies described were begun a number of reports had ap¬ 
peared in the literature describing surgical efforts to close atrial septal defects 
produced experimentally in animals or occurring spontaneously in human pa¬ 
tients. In 1947 Cohn* made small atrial septal defects bj' passing a clamp 
into the left atrium through the appendage, thrusting it blindly through the 
septum, and opening the blades of the instrument. The auricular wall was 
subsequently ini'aginated into the right atrial caidtj^, fixed to the margin of 
the defect by one or two sutures, the tip of the invaginated portion severed 
by a wire snare, and the opening in the atrial wall closed by drawing taut a 
previously placed purse-string suture. 

In 1948 Murray** reported that he had closed atrial septal defects in about 
thirty dogs by passing sutures in the line of the interauricular septum begin¬ 
ning at the site of the transverse sinus behind the aorta and coming out pos¬ 
teriorly between the superior vena cava and the right pulmonary veins in 
such a way that ivlien two, three, or four such sutures ivere pulled taut the 
anterior and posterior atrial walls were compressed together and the defect 
occluded. The size of the defects was not mentioned. He described one pa¬ 
tient who had improved folloiving this procedure. 

In 1949 Dodrilff recorded his experiences with the use in dogs of a spe¬ 
cially designed clamp which peianitted compression of the right and left atrial 
walls against the septum. By this means he was able to excise segments of 
the septum and to repair them bj' direct suture approximation of the cut edges 
or by suturing the rim of the defect to the left atrial wall. 

Santy and his associates’^ described, in 1950, the plugging of a small septal 
defect in a patient by inverting the tip of the left auricular appendage through 
it. In the same year Swan and his associates® reported efforts to close defects 
in dogs made by direct excision of a portion of the septum through the opened 
right atrium. They inverted botli the right and left atrial appendages by 
tightening a .silk suture ivhich had been passed from the right to the left a]i- 
pendage through the atrial chambers and the defeel and onto which were 
threaded two circular buttons of stiff poljmthjdene, each of wliich was Ihcn 
invaginated into one of the appendages. This operation was carried out upon 
ten dogs, eight of which were examined after they died or were sacrificed. 
The defects were rather small, only one of them being of greater diameter 
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than 1 cm. At times thrombosis occiu-red and occasionally this process com¬ 
pleted the closure of a defect which had been incompletely closed by the oper¬ 
ative procedure. 

Since our own experiments were begun a number of additional reports 
have been recorded. In 1951 Martin and Essex® described the use in eight 
dogs of a small polyethylene disc, either bare or covered ivitli an inverted seg¬ 
ment of azygos vein. The defects were created immediately before closiu-e 
was attempted and were made by blind incision of the septum with a knife in¬ 
serted through the auricular appendage. The discs measured either 1 by 1, 
or 1 by 2 cm. in size. Thej’’ were introduced through a small atrial incision 
after three attached sutures had been passed blindly through the septum and 
out of the atrial wall. The defects were very small and the authors reported 
considerable variation in the accuracy of placement of the graft. They aban¬ 
doned efforts to close defects through the opened right atriiun during tempo¬ 
rary vena eaval occlusion because of the prohibitively high mortality. In the 
same year Hufnagel and Gillespie^® reported the successful closure of defects 
by means of a plastic prosthetic device consisting of two discs which could 
be secured together, one on either side of the septum. In 1951, Dennis and his 
associates'^ also recorded their fatal effort to close a septal defect through the 
opened atrium in a patient in whom a pump-oxygenator ivas used to replace 
heart and lung function. 

The follo\ving year Kiriluk, Hoag, and Merindino^ described the creation 
through the opened right atrium of large septal defects wliich tended to re¬ 
main open during long periods of observation. They attempted closure by 
three methods; the suture of an infolded segment of auricular wall into the 
defect, the direct closure by suture of the defect tlirough the opened atrium, 
and the nonsuture plugging of the defect by a specially constructed pericar¬ 
dial graft introduced through a biauricular approach. The closure was com¬ 
plete in four of six dogs treated by the first method, five of six treated by the 
second, and three of six treated by the third. 

After our studies were completed additional reports appeared in the litera¬ 
ture. Cookson, Neptune, and Bailey*® recorded experiences with the'use of 
hypothermia in human cardiac surgery. They included a fatal case in which 
repair of an atrial septal defect was attempted through the opened right 
atrium. The patient died of ventricular fibrillation. The airthors concluded 
that open operations for closure of atrial septal defects were contraindicated 
because of the hazard of air embolism. 


Subsequently Lewis and Taufic** reported the case of a 5-year-old girl suc¬ 
cessfully treated during a period of hypothermia by direct closure of a septal 
defect through the opened,, atrium. They operated upon twenty-six hypo¬ 
dermic dogs for closure of experimentally produced atrial septal defects. 
One defect was found to have closed spontaneously. Seventeen dogs survived 
opening the atrium and repairing the defect. There were eight deaths four 
mrilLti.,,. I„ uv. the I.t.e, the.-, was „lvl7s 
air embol^m. Seven additional animals had ventricular fibrillation but re 

covered. One death occurred in the last ten closures. 
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Swau^'’ has recently described his clinical experience with the use of the 
method of biauricular invagination previousl}' developed in experimental ani¬ 
mals. One patient died and two survived the operation. In both the surviving 
patients postoperative cardiac catheterization studies were disappointing since 
a significant Icft-to-right atrial .sliunt Avas still prc.sent. A modified procedure 
was utilized in two patients, both of whom Jived and in both of whom the de¬ 
fect ivas estimated to JiaA’e been about 80 per cent closed, A finger introduced 
through the right atrial appendage was used to guide two sutures from the 
left auricular appendage through opposing edges of the defect and out through 
the incision in the right appendage. A plastic button threaded onto these su¬ 
tures was pushed into the right atrium after momentarily Avithdraiving the fin- 
gei’. A second button was threaded onto the sutures outside the left append¬ 
age and thus the left appendage and the button in the rigiit atrium could be 
brought together against the septal defect. 

Bailey and his associates’" liad found Swan’s original method unsatisfac¬ 
tory. One patient Avent steadily downhill after an attempt at closure and was 
reoperated upon for removal of the buttons. lie died two days later. Another 
who undemvent mitral commissurotomy as well as closure of an atrial septal 
defect did not sttrvive. A third died thirteen days after operation. Post-mor¬ 
tem examination revealed the defect to have been only partial^ closed. No 
healing had taken place between the invaginated appendages and the rim of 
the septal defect. Two patients survived operation but had persistent evidence 
of atrial shunt. Because of these experiences another procedure Avas proposed. 
Posing for guidance a finger introduced through the right atrial appendage the 
right atrial Avail Avas sutured to the rim of the defect, Tavo patients AA'ere so 
treated Avith success.”' ” 

Gross and his associates”'''* haA-c recently described their experiences 
AAdth a method of repair iuAmlving the use of a large riAbber AA^ell AAdiich is su- 
tiAi'ed to the atrium. The auricular AA'all is incised and blood hows up into the 
well. Intracardiac manipulations are carried out bj^ palpation through the 
pool of blood. Clotting is preA'ented by interiiiittent addition of heparin to 
the blood in the Avell. Using this procedure closure aams carried out in sixty- 
eight dogs by suture application of auricular appendage, A^ein or pericardia] 
grafts, by onlay grafts of plastic material sutured to the defect, by nonsu¬ 
ture application of Hufnagel-Gillespie plastic buttons and b.y direct suture 
closure of the defect. The i-esults Avere highly satisfactory, the closure being 
complete in sixty animals and residual defects being 4 mm. in diameter or less 
in the remainder. Seven patients Avere operated upon. In three, plastic but¬ 
tons Avere Aised. All died. In three, nylon or polyethylene Avas sutured to the 
defect. Tavo survived. In one patient, Avho did well, a small defect was closed 
by direct approximation of its edges, a second defect by suturing its rim to 
the atrial wall. 

In spite of these Amried and excellent contributions it would seem fair to 
conclude that no method thus far described is ideal. 

Our studies have revealed several facts of interest. The experiments Avith 
direct application of overfolded segments of atrial appendage or of pericardium 
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cleinoustrated that such grafts are entirelv suitable in the dog, unite fomly with 
the septum and do not cause intraeardiae thrombosis. It is doubtful, honever, 
whether such free autogenous grafts will prove satisfactoi'y for the closure of 
large defects in human beings. The jnti'oduetion of grafts through the opened 
atrium during momentary occlusion of venous inflow was found compatible with 
survival but was considered too hazardous for use in patients. 

The likelihood of survival was related to the speed of application. The 
period of necessary vena caval occlusion could be shortened by carrying out 
the xu'ocess of suture in stages "with several short rather than one longer period 
of venous obstruction and by several modifications which increased the rapid¬ 
ity of fixation of the graft. The experiences with the use of a rubber-capped 
glass chamber introduced into the base of the appendage showed this method 
to be safe and unattended by hazard of air embolism or inti’aeardiac throm¬ 
bosis. The position of the chamber somewhat distant from the defect resulted 
in some difSculty with accurate placement of sutures and suggested the likeli¬ 
hood that fixation of a larger chamber in the atrial wall near the defect might 
overcome this trouble. Such a modification is to be studied m the near future. 

The technique involving the use of an invaginated pericardial pocket gave 
satisfactory results and after the most careful evahration seemed entirely 
suitable for use in human beings. It appeared to fulfill the requirements of 
• the ideal operation. It does not interfere udth cardiac function, is accom¬ 
plished in a dry field without loss of blood, uses autogenous tissue, permits di¬ 
rect sutvu'e of graft to the rim of the defect, entails no need for anticoagulants, 
and seemingly is without danger of intracardiac thrombosis or air embolism. 

Experience with one patient, however, has demonstrated that the pericar¬ 
dial pocket, when placed over a large defect maybe resorbed and literally melt 
away.-° Experiments are now imder way in which the same technique is being 
employed utilizing a pocket of inert plastic material instead of pericardium. 
It is hoped thej' udll prove successful and provide a method suitable for the 
repair of defects in patients. 


C0XCLU5I0XS 

Expei'ienees ■with several methods for the surgical repair of atrial septal 
defects have been described. One method in which a graft is insei-ted through 
a rubber-capped glass cylinder into the atrial chamber and fixed to the rim 
of the septum without blood loss appears capable of modification to overcome 
its present deficiencies. Another technique involving the use of a pericardial 
pocket invaginated into the atrial ca\-ity seemed entirely suitable for use in 
human beings. Actual experiences in patients having sho^vn. however, that the 
pericardial graft may melt away from the area of the defect, it'is apparent 
that autogenous pericardium is unsuitable and it is suggested that the same 
general techniqne rrtilizing an inert plastic pocket may prove satisfactory. 
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DISCUSSION' 


DE. CHABLES P. BAILEY", Philadelphia.—I have certainly enjoyed this paper, but 
would like to present a method which we have used on a number of human beings. 

(Slide.) This method has been described as atrio-septo-pe-xj^ and has been reported 
in the Annals of Internal Medicine. The operator’s ungloved left inde.x linger is inserted 
tlirough the right atrial appendage to guide the p.assage of tlie suturing needle. 

(Slide.) Here you see tlie sutures being placed and the greatly dilated right atrial 
wall being invagiuated and accurately sutured to the periphery of tlie defect. 

(Slide.) That results theoretically in reduction of the great atrial chamber to a dough- 
nut-shaped ciianiber, tlie defect being bridged by a portion of the normal right atrial wall- 

(Slide.) However, sometimes with a large defect you have to use up half the doughnut 
.and just preserve a passageway for the .superior vena oaval flow to (he remainder of the form 
erly dilated atrium. 

(Slide.) In cases complicated by associated mitral stenosis, the finger should be p- - 
tlirough the defect and either a digital or a digitally guided incisional commissurotomy s mu 
be performed. Then the defect should be closed. 
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(Slide.) In cases with associated anomalous pulmonarj- venous drainage, the defect 
will not he a central one hut ^Yill be located close to the mouths of these veins, posteriorly. 

It is then possible to suture the redundant atrinm to the septum in such a way that two com¬ 
partments are created from the right atrium. The smaller drains the anomalous pulmonary- 
venous flow through the defect into the left atrium; the larger one drains the two venae 
cavae through the tricuspid valve. 

(Slide.) These are our. results in defects of the septum secundum. In fifteen human 
heinc^s we had two ivith associated mitral stenosis and five with anomalous pulmonary drain¬ 
age who were treated as just described. The mortality was 13.3 per cent. Marked clinical 
improvement was obtained in all survivors. Eight cases have been catlieterizcd postoperatively 
and six have been shown to have complete abolition of tbe sbunt. 

We have done this also in seven cases of persistent ostium primum. One of those was 
done only two days ago; that is a short follow up, but the patient ^eems to ho in pretty good 
shape. We have lost three patients with persistent ostium primum, one because of unwise use 
of hypothermia, one because of postoperative anuria, and one because of tbe poor condition 
of the patient. We now know, however, tlmt the defect can be completely closed by this tech¬ 
nique. 

It seems to us that this is a very simple surgical procedure which can be easily applied 
in nearly all cases with this condition, 

DR. EARLE B. KAT, Cleveland,—I have employed essentially Dr. B.ailey’s technique 
in the closure of atrial septal defect in eight patients, and would like to review this e.\peri- 
ence with you. Eour of the eight patients had complete absence of the atrial septum. The 
septal defect varied from 1.3 to 3 inches in diameter. In three of the patients the septal 
defect was incomplete and measured 1 to l.o inches in diameter. In one patient the defect 
was very large but fenestrated. The patients ranged from 9 to 19 years of age. Two of the 
patients had an associated Lutembacher syndrome. 

(Slide.) The first slide demonstrates the auricle after it has been invaginated and su¬ 
tured to the rim of the septal defect. In those patients in. whom there is complete absence 
of the septum, a little ridge remains at the site of the septum that can he palpated. The 
suture is inserted through tbe wall of the enlarged right auricle, through this rim of residual 
septum and then out through the auricular wall iu a manner similar to a purse-string suture, 
or individual sutures from an anteroposterior direction may be employed. The two patients 
irith an associated mitral stenosis had the commissures opened by finger traction inserted 
through the right auricle and septal defect, 

(Slide.) The next slide demonstrates the largest giant auricle encountered. The right 
auricle measured over 4 inches in diameter and the septal defect measured 3 inches in diame¬ 
ter. The auricular wall was largely replaced by scar tissue so that their technical difficulties 
when associated with a rheumatic myocarditis were more serious. 


(Slide.) This demonstrates the postoperative appearance of the right auricle after it 
has been invaginated and used to close the septal defect in this patient. 

(Slide.) This slide demonstrates a postoperative angiocardiogram. Tlie doughnut con¬ 
figuration of the right auricular chamber after invagination of tlie auricular wall is apparent. 

In tliis series of eight patients there were three deaths. One of these was the patient 
previously demonstrated who had a Lutembacher sj-udrome associated with a giant riffiit auri¬ 
cle. This patient, as well as the other two who died, had evidence of arterial desaturation 

The problem of the management of the patient with atrial septal defects who develops 
evidence of arterial desaturation deserves special emphasis. As a result of the increased 
pulmonary blood flow, increased pulmonary arterial tension is present. This may manifest 
itself in two ways. The increased pressure causes atheromatosis changes in the pulmonarv 
vascular bea as demonstrated in the present slide. Often these changes are Greater in tlm 
.snmller pulmonary arteries and arterioles tl.au in the capillaries. This furtl.er increases the 
pu mouary and m turn the pulmonary arterial pressure. At this stage the increased 

pulmonary blood flow trom the atnal septal defect may he necessary to as-m-a a ' 

genation. Should the defect be closed, and the blood flow reduced latmsis ma ^ 
.nerease. Furthermore, as the pulmonary pressure increases, the pressure wUhl thfXht 
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ventricle increases and, in turn, the pressure within the right auricle may increase to the 
degree of causing reversal of flow, i.o., a riglit-to-left sliunt may develop ,and be responsible 
for unoxygenated blood getting into the systemic circulation. 

Iho two patients with evidence of arterial desaturation who died had right ventricular 
and pulmonary arterial pressures of 95 and 125 mm. of mercury, respectively. The arterial 
oxjgcn concentrations showed S3 and SO volumes per cent. xVII three of the patients died 
within a period of four to five days of increasing respiratory failure and cyanosis. Autopsies 
in all three cases showed evidence of thrombosis of the main pulmonary arteries which was 
interpreted as being the result of increased pulmonary tension and stasis of blood flow. 

(Slide.) The next slide presents the results of the cardiac catheterization studies by 
Cr. Henry Zinimernian of anotlicr patient with an atrial septal defect in whom evidence of 
reversal flow or, in otlier words, a right-to-left shunt could be demonstrated. This patient 
was a 13-ycar-old girl who had been cyanotic for one year. As you see, the pressure within 
the right auricle was 10 mm. of mercury and that within the left auricle was 5 mm. of mer¬ 
cury. 

As experience increases, the lower level of arterial desaturation compatible with a suc¬ 
cessful outcome will be known. 

DR. C. WALTON LILLEHEI, Minneapolis.—As has been indicated, a large number 
of methods are available for closure of atrial septal defects at the present time. However, 
none of these methods appears so safe or so satisfactory that one would care to recommend 
it for routine application to patients who are getting along quite satisfactorily, since obviously 
still better methods will become available in the very near future. 

However, in tliose patients who have a large interatrial septal defect, and who are having 
trouble from congestive heart failure or from diminished cardiac reserve, it seems imperative 
to undertalto surgical correction by one of the currently available methods. In choosing the 
best operation for such a patient there are several objectives tliat seem to us worthy of empha¬ 
sis. The first of these is the necessity for closure under direct vision. I think that few sur¬ 
geons in the audience will dispute the fact that palpation is frequently a poor substitute for 
vision, and thus, surgical procedures carried out under direct vision are far more likely to 
bo satisfactory than those carried out blindly. This is particularly applicable to cases of 
interatrial defects. 

In our own observations, a surprising number of these defects are multiple and lie 
scattered around the more inaccessible periphery of the septum and may be contiguous with 
the orifices of the venae cavae making blind closure hazardous of obstruction of these struc¬ 
tures. Further, although occasional atrial defects arc found in the center of the septum with 
a nice margin of tissue around tliem, unfortunately there is no w.aj- that I know of to pre¬ 
dict such favorable types ahead of time. Moreover, other atrial defects are of the septum 
primum type in which the lower margui abuts directly upon the valve. In such a case if the 
closure procedure is done blindly, one of two complications is very likely to occur: either in¬ 
complete closure, or serious if not fatal interference with function of the atrioventricular 
valves. 

And finally, as has been indicated today, many investigators have paid considerable 
attention to the development of various methods of closure of septal defects utilizing tissue 
grafts, autogenous or homologous, or prostheses of various kinds made of polythene or var¬ 
ious other foreign substances. 

Aside from the fact that the success of such methods is distinctly dubious, there remains 
the very important consideration that the use of such grafts or prostheses is quite unnecessary 
in closing either atrial or ventricular .septal defects provided the heart is empty of blood at 
the time of closure. 

These defects are best closed by direct suture of their contiguous tissue margins. In 
our observations, the edges of even tlie largest po.s.silde defects such as septum priraum types 
literally fall together, if the stitches are pulled up or tied at a time when the heart is emptied 
of blood and thus its walls are flaccid. This is manifestly true, because the abnormal shunt 
has produced a compensatory enlargement of one or more of the adjacent chambers. In fact. 
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it is quite conceivable by consideration of Starling’s law and other mechanical factors in¬ 
volved that the cardiac reserve uould immediately benefit by having some of this “slack” 
taken up by direct suture at the time of closure of large defects. 

With these criteria in mind, and with an attempt to retain simplicity, I should like to 
suggest, with some temerity, still another method for closure of atrial defects which fulfills 
some of these objectives although it is as yet untried clinically. 

(Slide.) This method combines the use of an atrial well, as described by Gross for 
easy and repeated entrance into and out of the heart, together with intermittent vena caval 
occlusion to allow direct iutracardiac vision in a relatively dry field. 

In actual operation, the conical rubber well is sutured circumferentially to the right 
atrial wall. Tapes are placed around the superior and inferior venae cavae and then each 
is threaded through a short piece of rubber tubing. Quick and positive occlusion is obtained 
by pulling up on the tapes, and is maintained by crossclamping the rubber tubing with a 
hemostat. 

(Slide.) Air embolism, in our experience, has been best controlled by threading a cathe¬ 
ter into the left atrium through a pulmonary vein branch (tliis vein may be tied off without 
harm at the conclusion of the procedure). This catheter is connected to a pressure bottle con¬ 
taining sterile o per cent glucose for rapid filling of the left side of the heart. In addition a 
Satinsky clamp is placed through the transverse sinus, and the outflow tract of the heart is 
occluded proximal to the orifices of coronary arteries during the period the heart is empty 
of blood and contains air. 

(Slide.) After preparations as indicated, the wall of the heart within the well is in¬ 
cised. Blood comes up within the atrial well to a height equal to the interatrial pressure. 
However, we customarily have used a well considerably more shallow than that described by 
Gross. Such a shallow well is techincally easier to work through, and any tendency to 
overflow during rest periods is readily controlled by partial vena caval occlusion. 

Experiments in our laboratory (Surgical Forum 1952) have indicated that four min¬ 
utes of complete vena caval occlusion is entirely safe in dogs. In actual practice we have 
thought it best to w'ork two and one-half to three minutes; then if we are not finished 
with the suturing, the venae cavae are released after filling the left side of the heart 
writh glucose from the pressure bottle and then releasing the outflow clamp. Two or three 
minutes are then allowed for the heart to reeov^er and the entire procedure may be re¬ 
peated. 

By this method of intermittent vena caval occlusion rvith an atrial well, we have 
obtained as much as thirty rainntes of working time within the heart in a dry field suc- 
cessfulty in the dog. Obviously, most intracafdiac procedures at present do not require 
nearly that much time. 

BE. SHUMACKER (Closing).—I am sure we have all enjoyed the interesting dis- 
enssions of Dr. Bailey, Dr. Kay, and Dr. Lillehei. They certainly demonstrate the variety 
of approaches which are presently being investigated and a certain degree of success which 
is being achieved. I tliihk that it is stiU worth while to explore other methods in the 
search for the operation which may ultimately prove to be the safest and the best. 
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INSUFFICIENCY of tlie mitral valve remains a major problem in the surgical 
1 treatment of valvular heart disease. A readily performed and physiologicall}' 
sound cori'ective tiroeedure is needed for those patients who are found to have 
mitral insufficienc}' as the predominant lesion. AVe have investigated the effect 
of a plastic prosthesis, placed in the left ventricular chamber, upon the patlio- 
logic physiology of mitral insuffieiency. 


MATEKLVL AND METHODS 


Experiments were conducted on twenty-si.x mongrel dogs ivhieh were sub¬ 
jected to thirty-eight operations. Early in the series tliere were six operative 
deaths associated with anesthesia and technical diffieulties. 

Tlie experiments may be divided into two groups. In the first group, an 
effort was made to place a plastic ball encased in a pericardial tube between 
the mural leaflet and the endocardial surface of the lateral ventricular wall. 
There were ten of these experiments. In tlie first seven, the prosthesis occupied 
a poor position in relation to the mural leaflet or failed to penetrate completeJj' 
the myocardium. AA^ith further experience it was possible to introduce the 
pericardial encased ball through the ventricular v.all so that it consistently 
came to I'est in the recess beliind the center of the mural leaflet. The ventricular 
incision was made obliquely, in the direction of the muscle fibers, parallel and 
anterior to the descending portion of the eireiunflex left coronaiy branch, 1 cm. 
below the atrioventricular sulcus. AVitli these landmarks as guides, subsequent 
mural leaflet balls were readily placed in proper position. The animals were 
sacrificed at postoperative periods ranging from two months to one year. 

In the second group of eight experiments, a longer pericardial tube was 
fashioned allowing the ball to penetrate further into the ventricular chamber. 
This pex’mitted the prosthesis to swing to and fro sj’iiehronously with the direc¬ 
tional changes in blood flow, approximating a ball valve mechanism. This ma¬ 
neuver was performed in four animals as an acute experiment. It uas per¬ 
formed in four other animals as a survival experiment under aseptic conditions, 
and these animals were sacrificed at intervals I'anging from five daj’s to tu’O 
months. 
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We then attempted to produce mitral regurgitation and immediately to 
correct tliis defect by insertion of the pedicled ball Yalve. In some experiments 
regurgitation Mas produced by incision of either the mural or septal leaflet. In 
other eases the margin of the mural leaflet and its chordae tendineae ivere 
sutured to the ventricular waU. The degree of regurgitation was assessed both 
by the operator’s finger witliin the left auriele and by pressure tracings obtained 
through a polyethylene catheter connected to a recording electromanometer. 
In one experiment regiu-gitation was created, the pedicled ball inserted, and 
the animal sacrificed at the end of five days. Initial e.xploratory cardiotomy in 
another animal revealed pre-existing mitral insufficiency. The pedicled ball valve 
was inserted and this animal was sacrificed at two weelis. 

Electrocardiographic tracings were obtained on many of the animals be¬ 
fore, during, and after surgery. 



UK 


The dogs nere anesthetized with intravenous Nembutal ana • f • 
-re ovygen uas administered by an endotracheal tie The 


576 


THE JOURNAL OE THORACIC SURGERY 


in the left auricle through a small pulmonary vein. The phrenic nerve was freed from the 
pericardium and a rectangular pericardial flap was cut with its pedicle located at the base of 
the left auricular appendage (Fig. 1, 1 and 2). This preserved the blood supply to the 
flap through its base since the pericardial ve.ssels'course obliquely in this area. This flap, 
measuring approximately 5 by S cm., was folded and clo.sed to form a pcdicled tube with the 
cardiac surface on the outside (Fig. 1, 3). An inverting baseball stitch was used to minimize 
silk presenting on the surface of the tube. Two parallel sutures of 0 braided silk on atrau¬ 
matic needles ^Ycrc then placed in the myocardium of the left ventricle at right angles to the 
atrioventricular sulcus, anterior to the circumfle.v branch of the left coronary in its descend¬ 
ing course. The inferior ends of these sutures were tied and placed iu a clamp held by the 
assistant. The nylon ball, impaled on the cannula type inserter, was placed in the pericardial 
tube. 

A 1 cm. incision penetrating the ventricular chamber wall was made between the sutures 
in a direction parallel to the course of the myoc.ardial libers. The ball and pedicle were then 
inserted through the incision into the ventricular cavity and the remaining suture ends tied 
(Fig. 1, 4 and 5). One or two additional myocardial sutures were usually required to achieve 
hemostasis. A palpating finger was then placed in the left auricular appendage using standard 
mitral valvulotomy technique and the position of the ball confirmed. The lung was e.vpanded 
and the chest closed. Antil)iotics were not used in these experiments. .\t sacrifice the intra- 
auricular piossurc was recorded and digital palpation was performed. 

RESULTS 

In the early eases, wJiere the short pcdicled ball was placed as an ininiobile 
buttress behind the mural cusp, traipsauricular palpation confirmed the buttress¬ 
ing effect but there was no indication that the dynamics of the valve had been 
changed. Palpation in an animal with a longer pedicle revealed a type of ball 
valve action, the ball being in tlie mitral ring during ventricular systole, and 
in the ventricular chamber during diastole. When the pedicle was still longer, 
there was prolapse through the mitral orifice during ventricular sj’stole. Neither 
mitral stenosis nor regurgitation was identifiable by the palpating finger follow¬ 
ing insertion of the ball in the normal heart. 

Gross examination of the hearts after sacrifice confirmed the localination of 
the prostheses previously noted by the palpating finger. It was noted that the 
long pedicles allowed prolapse of the ball through the mitral orifice into the 
auricle (Fig. 2). No instance of intraeardiac thrombosis, endocarditis, or rup- 
tnre of a pei'icardial pedicle was observed. 

After inspection of the removed hearts in the freshly opened state they 
were formalin-fixed in toto. Tissue blocks for microscopic study in all cases 
were cut from both mitral leaflets, the pericaixlial investment of the ball and the 
ventricular wall including the traiismjmcardial jiedicle of pericardium. The 
following microscopic observations were made. There were no significant 
changes in valve leaflets. Myocaixlial liealing had occurred with minimal re¬ 
action although foci of cartilaginous metaplasia were occasionally seen. 

In all but one case, the pericardial pedicle had been converted into a dense 
collagenous scar. The pericardium investing the ball was tliinned, collagenous, 
and practically avascular. The one exception slio\ved a few endothelial-lined, 
blood-filled channels coursing longitudinally through the pedicle. Tlie peri¬ 
cardial elements had retained tlieir identity, but in its most dependent poi;tion 
the pericardial investment of tlie ball was thinned to a degree wdiere viability 
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Fi^. 2—Photograph of heart opened through the tip of ^e left \entricle showing pedicled 
bail \al\e protruding below central portion of the mural leaflet The aortic outflow tract at 
the left IS separated by the septal leaflet from the mitral inflow tract at the right. An area 
of hemorrhage on the superior surface of the pericardial encased ball was the result of 
\igorous palpation at sacrifice (animal sacrificed at two months) 



culant> ,n the entire pencani.il tube (animal saerXed at tnS“neelir 
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might he seriously questioned (Fig:. 3). Tiicse findings suggest that avascular 
necrosis, rupture of tlie sac and extrusion of the ball might have followed if 
the animals had been allowed to survive for a longer period. 

Serial electroeardiogi'ams revealed transient ventricular rhythms with S-T 
and T-wave changes during the operative and immediate postoperative periods. 
These findings were compatible with the pattern of pericarditis and with focal 
areas of myocardial damage. The electrocardiogram usually reverted to normal 
during the first postoperative -week. 

Neither mitral stenosis nor regurgitation was observed following insertion 
of the ball in the normal heart. 

Intracardiac finger palpation revealed gi'oss regurgitation after incision 
of either mitral leaflet. This was more marked when the septal leaflet was in¬ 
cised, Manometrieall.v there were marked increases in the amplitudes as well 
as in the mean auricular pressures. Similar though less marked regurgitation 
patterns were obtained when sutures were placed through the ventricular Avail 
to include the mural leaflet or its choi'dae tendineae. 


EXP. 2S 




B. 


C, 


D, 



Pig*. 4.—-Simultaneous elcctrocardiogrraphic and left auricular pressure tracings 
Experiment 26. A, Normal preoperative dndings ivitli a Uiean ^ 

mm. Hg. B, Tracing after incision of mural lea/Iet creating r i 

mean pressure measured at 10 mm. Hg. C, Tracing iinmediatelj- diciea 

ball. Mean pressure remained at 10 mm. Hg. D, Tracings obtained at sacrifice operation uve 
days later slioived no ciiange in pressures. 


One animal demonstrated pre-existing mitral regurgitation at initial ex¬ 
ploratory cardiotomy. This Avas identified by a s 3 'stolic thrill over tlie left 
auricle and an easilj^ palpable regurgitant jet. In spite of this jet, the mean 
auricular pressure Avas normal. This mean j^ressure A\ms not changed tlie 
pedicled ball valve although the shape of the pressure eur\'e Avas modified. The 
jet, which Avas palpable before insertion of the prosthesis, Avas no longer present 
after insertion, nor Avas it present tAA'o Aveeks later at sacrifice, although tlie 
externally palpable thrill remained. 
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Uitral legurgitation, secoiidary to incision of the mural leaflet, exhibited 
a changed pressm-e pattern after insertion of the pedieled ball valve, although 
there tras no change in either the mean pressure or the pressure range (Fig. 4). 
In this experiment, the palpable external thrill and the regurgitant jet vrere 
tmaltered bv the insertion of the pedieled ball valve. The jet and thriU tvei'e 
noted again’ at sacrifice, and palpation revealed the hall approaching the mitral 
orifice during ventricular systole but not prolapsing into the auricle. The ball 
tvas released from the overhanging mural leaflet by digital manipulation and 
allotved to prolapse into the auricle. This produced marked change in the pres¬ 
sure pattern and complete aholitiou of the palpable jet. The mean atuicnlar 
pressiu-e fell from 12 mm. of mercury to S umt. of mercury and the innge from 
13 nun. of merem’y 'without prolapse, to 45 mm. of mercury with prolapse 
(Pig. 5). These changes were reversed hy restoring the pedieled hall to its 
original position. The observations and tracings were confirmed by repeating 
the maneuvers several times. 


EXP. 26 {2l 


E. 

UTRAVEKTRICUUAR 

PEDICLE 


F. 

PROUPSIMG 

PEDICLE 



HEAK 12 8 

RAKGE 5 to 18 RAKGE -5 440 

XO JET- 


the pedtcl«d ball remained m ^ '^Len, 

P. Xote reducUon in mean auricular mn,. w.. pressure was 12 mm. Hg. 

wares of tiie prolapsins Pedieled ball valve. Bes^rsib-mtiSt^3 longtr'fSt 


niscrssiox 

Pi-evious invesiigators have reponed anrieidar wave patterns in experi- 
mental annuals, normal hiiman beings, and patients ^vith mitral valve diseaL 
Quantitative evaluation or mitral regm-gitation is difiieulr. Our own iuvesti^a 
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tions suggest tlie inaccuracy of tlie palpating finger as a quantitative measure¬ 
ment of mitral regurgitation. This is implied the observation of a palpable 
jet in one experiment which disappeared following the pedicled ball valve 
operation without an associated change in mean pre.ssure or a significant change 
in pressure pattern. Other observers have noted that a large mitral opening 
during ventricular .systole allows marked regurgitation with no palpable jet.'-^ 
However, it is frequently assumed that the degree of regurgitation is roughly 
proportional to the force of the jet. Our experiments cast doubt on this assump¬ 
tion. 

These experiments further confirm the observations of Shuiuaeker and 
his co-workers that autogenous tissue transplants such as vein, fascia, or peri¬ 
cardium are unsatisfactory for intraventricular use.“’' We were disappointed 
that our pericardial pedicles showed early evidence of conversion to avascular 
collagen. In more than one instance there was sufficient attentuation of the 
pericardium surrounding the ball to suggest imminent rupture of the sac. 

Nevertheless, our physiologic observations suggest that a moving prosthesis 
placed on the ventricular side of the mitral orifice may function as a tampon 
during ventricular .systole to prevent regurgitation without creating steno.sis 
during ventricular diastole. This .sugge.sts a rational basis for the “bottle baffle’’ 
operation of Harken.’* 'We do not profess to have produced mitral regurgitation 
that is identical with that found in rheumatic heart disease. However, it docs 
seem reasonable that mitral regurgitation which is jiliysiologically similar to 
that found in rheumatic heart disease can be produced in the experimental 
animal. Valid observations can then be made which will permit development of 
a method for physiologic evaluation of human mitral regurgitation and the 
changes produced by operation upon the mitral valve. 


SUAUtAKY 

1. Plastic ball prostheses have been placed in the left ventricle adjacent 
to the mitral valve in a series of animal experiments. This has been done in 
normal animals as well as in animals with surgically jirodueed, and in one ca.se, 
naturall.y occurring mitral insufficiency. 

2. No change was observed in the left auricular manometrie jire-ssure pat¬ 
tern of normal animals in which the plastic prostheses were used. Significant 
])ressure and wave pattern changes were observed in animals with ]U'eviously 
created mitral insufficiency following the in.sertion of pedicled balls. 

3. The accuracy of intracardiac finger palpation in determin.'ng the volume 
of regurgitant flow is questioned. 

4. The viability of an intraventricular pericardial pedicle is doubtful even 
when the pericardial flap is carefully cut to pre.serve its normal blood sujipl.v. 
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DISCUSSIOX 


DR. CHARLES P. BAILEY, Philadelphia.—We, too, have been interested in tlie prob¬ 
lem of mitral regurgitation, either spontaneous or created in the course of performing mitral 
commissurotomy. I think if ive could work under direct vision upon the incompetent mitrai 
valve, every one of us would immediately suture togetlier the incompeteut portion which is 
usually located posteriorly. This can now be done by a closed technique. 

(Slide.) The left index finger, ungloved, is introduced through the left atrial appendage 
to guide the passage of this special threaded suturing probe. The tip of the probe punctures 
tlie left ventricle at a point guarded by purse string and tourniquet. Guided by the intra- 
cardiac finger it punctures one valve leaflet at the point desired, follows the finger until it 
appears at the opening in the appendage so that one side of the sutnre can be grasped. That 
is withdrawn and the probe is pulled back. It is disengaged from this leaflet and is im¬ 
mediately redirected, punctures the opposite leaflet and again, follows the finger. The opposite 
side of the suture must then be grasped, and then the probe can be withdrawn from the heart. 

(Slide.) You see now that the double suture runs through both left heart chambers 
and each extremity pierces one of the valve leaflets in the usually posterior incompeteut 
portion. , i 

(Slide.) We now replace tins silk suture with a strip of pericardium, a living suture, 
because we feel that the silk would eventually cut through the valve substance. By traction 
upon the ends of the silk suture emerging from the ventricle, we can then draw the loop of 
pericardium completely into the heart until the extremities appear out of the ventrieuiar 
puncture wound. Tlie finger can at once tell whether there is an appreciable change in the 
jet of regurgitant blood and frequently cau recognize that it is completely abolished by this 
maneuver. If so, these pericardial ends are attached securely to the ventricular epicardium 
by sutures. If, however, there still remains appreciable regurgitation, the loop is converted 
into a noose by making an eye in one end and passing the other end through it. By pulling 
on the free end, this noose goes up to the valve and not only approximates but actually over¬ 
laps the two valve leaflets. Usually oue such pericardial suture will greatly reduce the re¬ 
gurgitation, but if necessary a second can be placed. Obviously the free end has to be at¬ 
tached to the epicardium securely to maintain tension. If you reduce the opening too much, 
or have stenosis in association, a commissurotomy must be performed at the opposite anterior 
competent commissure. 


B e have had the opportunity of doing tliis on 70 or more patients since August, 1952. 
We have had a mortality, unfortunately, of approximately 23 per cent; this mortality rate was 
partly due to poor selection of very sick patients, and poor surgical technique dnrino- the 
o\eopmental period. Recently, we luiAe done very much better and have usuaUv been°ahle 
0 completely or almost abolish the regurgitation udthout endangering the patient We have 
liad dramatic improvements in many of the patients who have survived The pericardial 

After three or four months, if an autopsy is performed, the graft is seen to be pretty well 
welded and fibrosed to both leaflets so that thev are glued to'^ether permanentlv ft 
not seem as if the pericardium would dissolve. “ Permanently. It does 


dr. HARRISOX black, Boston, 
on Dr. Carter’s paper and the possible 


There are several comments I would like to make 
appbeation of this method in human beings. This 
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report is based on work on Dr. IJwight E. Harken’s service in Boston. The work began 
several years ago witli animal experinientatiou at the Bo.ston City Ilospital and is being con¬ 
tinued now with clinicai material at Peter Bent Brigham Ilospital. 

Before eon.'-idering tiie correction of any lesion we should know something about the 
pathology involved. IVe have therefore studied the lesion (mitral insufficiency) at the autopsy 
table in tiie museum, and at the operating' table and have evolved a morphologic classification. 
On this first slide (slide) are represented the two primary types of free mitral insufficiency. 
Type I results from an absolute loss of substance due to scarring and shortening of the valve 
leaflets, predominantly the aortic, from direct rheumatic damage. There may be associated 
shortening of tlio chordae, but the predominant defect is insufficient leaflet length. Type II 
is the result of dehiscence of the annulus .and consists of a relative loss of substance in the 
leaflets. This may occur due either to cardiac dilatation in failure or rheumatic carditis. It 
is probable that almost all cases of free mitral insufficiency fall into one or the other of 
these categories or the two may bo combined, damage of leaflet preceding annulus dehiscence. 
It must be emphasized that all the patients upon whom we have operated for mitral insuffi¬ 
ciency' Intve been of these types of free insufficiency; there was not the slightest suggestion 
of stenosis. Furthermore, it is fundamental to an under.-.tanding of the condition to realize 
that in pure insufficiency as we have seen it, the leaflets are not calcified but are freely' 
fle.vible. Tlie defect is due solely to a failure in approximation. 

(Slide.) This demonstrates three other types of insufficiency. Ty'pe III is the direc¬ 
tional form resulting from a stenotic funnel facing out into the aortic outflow tract. Since 
the stenosis is predominant and the insufficiency relatively insignificant, correction entails 
merely the relief of stenosis. Type IV is due to malocclusion in heavily calcified, clumsy, 
stenotic valves in which irregularity of the leaflet edges prevents a competent watertight 
closure, and a ribbon-shaped regurgitant jet results. This may produce a noisy murmur, but 
it is not physiologically important and, again, correction of the predominating stenosis is the 
present treatment of choice. Finally, in Type V we find a mixed type of process in which 
there is the pathology of mitral stenosis in one area (leaflet fusion and/or calcification) while 
in another there is loss of substance without any trace of calcification. It is this type that 
is described by Dr. Bailey, if I understand his remarks about fracturing commissures before 
correcting insufficiency. 

(Slide.) An understanding of the pathology of free mitral insufficiency' makes it clear 
that adding substance to the defective leaflet has been the cornerstone of our corrective 
efforts. By such a method the mobile leaflets are given an opportunity to approximate some¬ 
thing in systole and create a relatively sufficient valve. Dr. Carter has pursued a similar 
line of reasoning, but there are several reasons why we have discarded any thought of using 
the tiansventricular method of placement of the prosthesis. In this slide is shown in cross 
section the enormously dilated left ventricle we have encountered in cases of free mitral in¬ 
sufficiency. In the first eight patients we placed a Lucite ball beneath the ventricular leaflet 
via the auricular appendage and sutured it to the ventricular wall. IVe accepted only frankly 
terminal patients for this procedure, because we feel that in the developmental stages of any 
operation the surgeon is morally- justified in accepting only- this type of risk. These patients 
survived from one day to eight months, but it uas obvious that not enough had been done 
to correct the insufficiency. At post-mortem examination all revealed that the prosthesis was 
well tolerated ivithout damage to the myocardium, but because of the deep concavity beneath 
the leaflet formed by the dilated ventricular wall, the prosthesis was not close enough to the 
insufficient orifice to implement the loss of leaflet substance. Use of the approach through 
the ventricular wall would have the same defect, I believe, because it would be impossible in 
these immensely dilated hearts to place the sphere close enough to tlie valve orifice to be 
effective. The second objection to the transventricular approach is that in these dilated 
hearts the ventricular wall is thin and of poor quality due to congestive failure and chronic 
rheumatic carditis. In these we have often had difficulty controlling blood loss through the 
tiny needle sites in the myocardium and would despair of closing a hole large enough to 
allow the passage of a baffle. 
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There is one other point of funaamental physiolog-ic importance that I should mentiou. 
If you \till look at the sketch of the freely insufficient valve you will see that the flexibility 
of the valve leaflets allows them to balloon upward in a normal manner in systole. Although 
they do not approximate, the eft’eetive orifice is considerably narrower than in diastole when 
the'leaflets wall aside and allow ventricular filling. This change in orifice size is an absolute 
necessity for the maintenance of forward flow of blood. If a fixed orifice exists or is pro¬ 
duced bv a technitjue which tenses the leaflets, the pressure gradients between ventricle and 
auricle would result in a lethal reversal of flow even if the heart rate were infinitely slowed 
and diastole infinitely prolonged. 

The insert shows what we have done for the last twenty-one patients with free in¬ 
sufficiency. All were accepted for operation only because their outlook was considered hope¬ 
less on standard methods of medical management. A Lucite or nylon baffle, shaped like a 
bottle, has been placed beneath the minor leaflet and held firmly to the ventricular wall 
with one suture coming out above while the second comes out below the leaflet. The diagram 
illustrates the mobile aortic leaflet fallen aside during diastole allowing ventricular filling. 
In systole we have observed that the aortic leaflet appro.vimates the baffle. That some cor¬ 
rection has in fact occurred has been demonstrated several times by a rise of blood pressure 
by as much as 50 mm. Hg immediately after placing the b.affle. The striking clinical improve¬ 
ment seen in several patients provides incontrovertible objective evidence that this effort 
is in the right direction. 

lUe have recently had to reduce the size of the baffle since some have appeared to over¬ 
correct the insufficiency as the annulus and ventricle have approached more normal size. 
There have been nine deaths. Three deaths were technical in nature. Three related to over- 
correction by baffles that produced stenosis when the annulus came down in size in response 
to the correction of regurgitation. Two patients simply were too iU or too little benefited 
to survive, much less show improvement. One patient had embolization of the baffle eight 
months after operation- There are twelve patients surviving of the twenty-one who have 
had the present operation, and although these results are obviously not brilliant, thev are 
sufficiently encouraging to justifv further efforts. 

DR. CARTER (Closing).—^I have been fascinated, as I am sure you aU have been, by 
the brilliant technical results presented by both Dr. Bailey and Dr. Black. I shall not argue 
the merits of each method. It does seem to me that the absence of an accepted standard 
procedure is at least some evidence that the final answer is not yet here. If I mav be per¬ 
mitted the temerity of a suggestion, however, I personally would be much happier if instead 
of showing us human beings, they could show us weU-docnmented long-term foUow-ups on 
some animals, that would let us know exactly what is going on inside these hearts. 
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B y CONGENITAL piilinonaiy stenosis is meant tlie stenosis of the ijulmo- 
naiy valve oi- infundibulum without ovei-riding of the aorta. Tetralogy of 
Fallot is not, therefore, the subject matter of this manuscript. It is not an 
unconmion disease. Although the instance is not exactly known, the clini¬ 
cians, who routinely carry out cardiac catheterization in congenital heart dis¬ 
ease, are finding unsuspected eases. 

The exact anatomic defect as well as the hemodj'uamics is a variable fac¬ 
tor. The majority of patients with obstruction to the outflow of the right 
ventricle have defects in either the interatrial or interventricular septum, al¬ 
though there are some iiatieuts vdtliout other defects aside from the stenosis 
itsell 

The stenosis may be purely valvular, in which ease there is usual]}’’ a pro¬ 
trusion of excess tissue out into the pulmonary artery, as is illustrated in Fig. 
1. With cardiac catheterization, there is a veiy abrupt change in pressure at 
the valve area (Fig. 2). The stenosis also may be at the base of the valve cusp 
or in the infundibular region. Jloreover, we have encountered patients with 
stenosis of both the valve and infundibulum. In such a patient, one finds with 
cardiac catheterization that the pressure is highest in the lower portion of the 
ventricle, with a much lower pressure in the infundibular region and finally 
a lower than normal pressure in the pulmonary artery (Fig. 3). 

Some patients have been seen as infants, showing marked cyanosis, only 
to have this eompletel}" disappear at 114 to 2 years of age. Concomitant with 
the disai^iJearance of cyanosis, there has been a rapid increase in size of the 
right heart. Obviously such a change is due to a closure of a right to left 
shunt, most probably, patency of the foramen ovale. 

With obstruction to the outflow of blood from the right ventricle and 
without a septal defect, there is usually a greatlj^ elevated pressure in the 
right ventricle which is not uncommonly 175 to 180 mm. Hg or even higher. 

If there exists a septal defect, the pressure in the right ventricle is dissipated 
toward the left side of the heart, and there exists, therefore, a right to left 
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shunt. This produces arterial oxj^gen unsaturation ivhieh, if severe enough, 
is manifested by ej’^anosis, polycythemia, and mild clubbing of the digits. In 
some patients with pulmonary stenosis and a defect of the interventricular 
septum the pressures may be esseiitiallj^ equal in both ventricle (lig. 4). In 
such a situation, there exists a defect of the interventricular septum without 
sio-nificant shunting of blood through it, the pressures in the two ventricles 
hrving equalized. If there exists, therefore, no arterial oxygen unsaturation 
and if angiocardiography fails to show simultaneous opacification of the left 
heart and^’aorta, there exists no right to left shunt. Mild degrees of arterial 
oxygen unsaturatioii could be associated ivith a lou pulmonarj aitery pies- 

sure. 



Fiff. 1.—Diagrammatic sketch of congenital pulmonary bo^^eI stenosis. 

This does not necessarily mean that there is no defect present. lYe have 
observed one patient at autopsy a few years ago who had a slitlike opening 
in the interventricular septum which did not jiermit a right to left shunt, but 
would permit a left to right shunt provided the pressure in the right ventricle 
was lower than that in the left. This patient had been studied by cardiac 
catheterization. It showed a pressure of 140 mm. Hg in the right ventricle 
and an arterial oxygen saturation of 90 volumes per cent. 

A blind procedure has been developed by Brock’ for the relief of congeni¬ 
tal pulmonary stenosis. This consists in inserting a valvulotome through the 
rigdit ventricle and out through the stenotic pulmonary valve. Undoubtedly 
this IS a good procedure and has vastly improved many patients throughout 
the world. There are some indications, however, that as time passes the”pres- 
■sure m the right ventricle may again become elevated.- Even though the 
pre.ssure again becomes elevated, there seems to be clinical improvement of 
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B y CONGENITAL piilinonaiy stenosis is meant the stenosis of the pulnio- 
uary valve or infundibulum without overriding of the aorta. Tetralogy of 
Fallot is not, therefore, the subject matter of this manuscript. It is not an 
uncommon disease. Although the instance is not exactly known, the clini¬ 
cians, who routinely carry out cardiac catheterization in congenital heart dis¬ 
ease, are finding unsuspected cases. 

The exact anatomic defect as well as the hemodynamics is a variable fac¬ 
tor. The majorit}' of patients with obstruction to the outflow of the right 
ventricle have defects in either the interatrial or interventricular septum, al¬ 
though there are some patients without other defects aside from the stenosis 
itself. 

The stenosis may be purely valvular, in wliich case there is usually a pro¬ 
trusion of excess tissue out into the pulmonary artery, as is illustrated in Fig- 
1. With cardiac catheterization, there is a very abrupt change in pressure at 
the valve area (Fig. 2). The stenosis also may be at the base of the valve cusp 
or in the infundibular region. Moreover, we have encountered patients with 
stenosis of both the vah'e and infundibulum. In such a patient, one finds with 
cardiac catheterization that the pressure is highest in the lower portion of the 
venti'icle, with a much lower pressure in the infundibular region and finally 
a lower than normal pressure in the pulmonary artery (Fig. 3). 

Some patients have been seen as infants, showing mai'ked cyanosis, only 
to have this completely disappear at 1(4 to 2 years of age. Concomitant with 
the disappearance of cyanosis, there has been a rapid increase in size of the 
right heart. Obviously such a change is due to a closure of a right to left 
shunt, most probably, patency of the foramen ovale. 

AAGth obstruction to the outflow of blood from the right ventricle and 
without a septal defect, there is usually a greatly elevated pressure in the 
right ventricle which is not uncommonly 175 to 180 mm. Ilg or even higher. 
If there exists a septal defect, the pressure in the right ventricle is dissipated 
toward the left side of the heart, and there exists, therefore, a right to left 
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shunt This produces arterial oxygen unsatm-ation Avhich, if severe enough, 
is ina'uifested by cyanosis, polycythemia, and mild clubbing of the digits. In 
some patients with pulmonary stenosis and a defect oi the interventricular 
septum the pressui-es may be essentially equal in both ventricle (Pig. 4). In 
such a situation, there exists a defect of the interventricular septum without 
si-^nificant shimting of blood through it. the pressures in the two ventricles 
having equalized. If there exists, thevefove, uo arterial oxygen nnsatnration 
and if aimiocardiography fails to show simultaneous opacification of the left 
heart aiid°aorta. there exists no right to left shunt. Mild degrees of arterial 
oxygen uiisaturation coidd be associated ufith a low pulmonary artery pres- 

sure. 



FIs'. 1.—Diagraniniatic sketch of congenital pulmonarj* bowel stenosis. 

This does not uecessaril}* mean that there is no defect xu'esent. We have 
observed one xiatient at autopsy a few years ago who had a slitlike opening 
in the interventricular septum which did not permit a right to left shunt, but 
would permit a left to right shunt iirovided the pressure in the right ventricle 
was lower than that in the left. This patient had been studied by cardiac 
catheterization. It showed a pressure of 140 mm. Hg in the right ventricle 
and an arterial oxygen saturation of 90 volumes per cent. 

A blind procedure has been developed by Brock' for the relief of congeni¬ 
tal pulmonary stenosis. This consists in inserting a valvulotome through the 
right ventricle and out through the stenotic pulmonary valve. Undoubtedly 
this is a good procedure aud has vastly improved many patients throughout 
the world. There are some indications, however, that as time passes the°pres- 
stire in the right ventricle may again become elevated.' Even though the 
. pressure again becomes elevated, there seems to be clinical improvement of 
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the patient. The elevation of the right ventrienlar pressure is not due to a 
left to right shunt through a possible interventricular septal defect, since this 

could be demonstrated by cardiac catheterization. . . , . , 

If the valvular architecture exists, as is illustrated in Fig. 1, and if such 
a valve is cut with the valvulotome, there is no assurance.that the incision may 
not heal, producing the original obstruction. This is not definitely knoivn. 
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Fig. 4.—a. ViigVi Tight ventTic\^ preasMT^ and a catheter Ti*as passed 

through an mter\entricular septal defect plieie artenalized blood was withdrawn. The 
pressure in the left \entricle is essentially the same as in the right, 

More time must elapse and more cardiac catheterizations must be made on 
these patients one year or longer after the operation in order that it may be 
clarified. Although much good has been accomplished by blind procedures 
within the heart, it is probable that advancement from this point on must be 
made by exposure of the anatomic structure. AYith this thought in mind, the 
meehanieal heart has been applied to a patient with congenital pulmonary 
stenosis. The right heart was completely by-passed. The main pulmonary 
artery was clamped off for twenty-five minutes while the left heart and lun"s 
continued to perform their functions. The pulmonary valve was exposed and 
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of normal; the clotting tinre rvas 13 minutes. X-raj' examination of the thorax as well 
as fluoroscopy showed the right side of the heart, especially the right atrium, to be greatly 
enlarged. The main pulmonary arteries were hugely dilated. There were no visible pul¬ 
sations of the pulmonary vessels seen at fluoroscopy. 

The electrocardiogram showed marked right axis deviation and right ventricular 
hypertrophy. Cardiac catheterization rerealed a pressure in the right ventricle of 190/0 
mm. Hg. Preoperatively the pulmonary artery- could not be entered. The pressure in the 
right atrium was 10 to 12 mm. Hg. Blood samples taken from the right ventricle, right 
atrium, and superior vena cava showed similar oxygen content, 15.S7 to 16.83 volumes 
per cent. The arterial oxygen saturation was 90 \olumes per cent. 

Since this patient had a high \entricular pressure and since there was no cyanosis 
or significant arterial unsaturation, he obviously did not have a right to left shunt. The 
arterial oxygen saturation of 90 \olumes per cent could be accounted for on the basis of 
low pulmonarj- artery pressure. 



Fig, 5. -Photograph of the mechanical heart used. 


Operation uas carried out on Oct Ihio nin.. .... i • , , 

ratus had been assembled in the operating’room'before the patient tSeri Fi'^ol ' Fo' 

the reader is referr;d to our 

t.iriier mauuscript.-> A large cannula w.as placed in the rioht nni-m ■ 
uas then given o .„g. of heparin per kilogram of hodv noAt 1 tot t'rof 
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enlarged under direct vision. The long flaps of valve tissue protruding into 
the pulnionaiy artery were excised. 

e have had a great deal of experience with the mechanical heart in ex- 
pez’iiuental work. There seems little doubt but that either the right or left 
heart can be Izy-passed while the other side and the lungs continue to perform 
their functions. AVith a bj’-pass of the right heart in dogs, the blood may be 
taken from the right atrium, izassed through the mechanical heart and back 
into the pulmonary circuit through the artery to the right lower lobe of the 
lung, the cannula pointing centrally. By this method, blood is supplied to 
the middle lobe, the right upper lobe, and the entire left lung. The right 
ventricle and pulmonaiy valve thereby maj'' be completely'' by-passed. Other 
investigators'’- ^ also have by-passed the right heart using similar methods in 
experimental animals. In the experimental work of this nature, we have 
found that with sufficient suction applied to the right atrial cannula the tri¬ 
cuspid valve apparently sealed itself and, although the right ventricle v'as 
opened, there was no bleeding or aspiration of air into the cannula. If there 
is a small amount of blood getting into the right ventricle, a light clamp may' 
be placed across the pulmonary conus without interference with cardiac func¬ 
tion. The pulmonary' valve is, therefore, completely' removed from the circu¬ 
lation. By' this method, the coronary sinus blood, together with all the blood 
ezitering the atrium, is passed through the mechanical heart. If, on the other 
hand, the venae eavae are eannulated, there must be a separate plan for 
handling the coronary' sinus blood. 

The experimental work on dogs shows that there are right-sided hypo¬ 
tensive reflexes present which may' be of extreme degree. These may be ini¬ 
tiated by traction upon the pulmonary ves.sels.’ In operations upon the lung- 
on hiunan beings, it is not usual to see significajit hy'potensioji while traction 
is being applied to the vascular structm-es. There could exist, howevei-, short 
periods of hy'potension in such operations on human beings which would not 
be detected by the usual sphy'giuojiianometer method. This hy'potension is 
thought to be due to the Baiulzridge i-eflex. The hy'iJotension due to traction 
upon the vascular structures may or may Jiot be a part of the same mechanism. 
It is our impression that many' phy'siologic studies need to be made on this 
problem. 

C.VSE KEPOUT 

The patient who undenvent tiiis procedure was a IG-yoar-oId white boy. His weight 
was 76.3 kg. He liad been short of breath on slight exertion for many years. The boy 
was unusually large for bis age; he was well developed with large muscular structures. 
There was uo visible cyanosis or clubbing of the digits, and the general physical examina- 
tiou was entirely normal except for the cardiovascular examination. The heart was regu¬ 
lar in rhythm. There was a loud harsh systolic murmur over the pulmonary valve area. 
This could be heard less distinctly over the rest of the thoracic wall. The blood pressure 
was 110/70 mm. Hg. 

The red blood count was 4,950,000 per cubic millimeter. There was 14.5 Gm. of 
hemo^lobitt per 100 c.c. The white blood count was 6,20o per cubic millimeter with a nor¬ 
mal differential count. Urinalysis showed a specific gravity of 1.022 with no evidence of 
albumin sugar, or cellular elements being present. The Kahn test for syphilis was nega¬ 
tive The nonproteiu nitrogen was 30.0 mg. per cent; the prothvombiu was 100 per cent 
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of normal; tlie clotting time was 13 minutes. JS rav examination of the thorax as well 
as fluoroscopv showed the right side of the heart, especially the right atrium, to be greatly 
enlarged. The main pulmonary arteries were hugely dilated. There were no visible pul¬ 
sations of the pulmonary vessels seen at fluoroscopy. 

The electrocardiogram showed marked right axis deviation and right ventricular 
hypertrophy. Cardiac catheterization retealed a pressure in the right ventricle of 190/0 
mm. Hg. Preoperatively the pulmonary artery could not be entered. The pressure in the 
right atrium was 10 to 12 mm. Hg. Blood samples taken from the right t eutricle, right 
atrium, and superior vena cava showed similar oxygen content, 15.S7 to 16.S3 volumes 
per cent. The arterial oxygen saturation was 90 volumes per cent. 

Since this patient had a high \entricular pressure and since there was no cyanosis 
or significant arterial unsaturation, he obviously did not have a right to left shunt. The 
arterial oxygen saturation of 90 tolumes per cent could be accounted for on the basis of 
low pulmonary artery pressure. 



Eiff. 5. Pliotofrraph of the mechanical heart used. 

Operation uas carried out on Oct. 21, 1952. The mechanical heart and other appa- 
T' in the operating room before the patient arrhed (Fig. 5). For 

.t more detailed description of the mechanical heart used, the reader is referred to our 
u'a™ ^ c.minula w.as placed in the right ankle \eiii. The patient 

1 mg. ot heparin per kilognim of body ueight. A total of 3S.1 mg. of 

p. ria uas used, and trom this amount S mg. was placed into the donor blood which 
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enlarged under direct vision. The long flaps of valve tissue in'otruding into 
the pulnionaiy artery were excised. 

"We have had a great deal of experience %s-ith the mechanical heart in ex¬ 
perimental work. There seems little doubt hut that either the right or left 
heart can be by-passed while the other side and tlie lungs continue to perform 
their functions. AVith a ly-pass of the right heart in dogs, the blood maj'^ be 
taken from the right atrium, passed through the mechanical heart and back 
into the pulmonary circuit tlirough the artery to the right lower lobe of the 
lung, the cannula pointing centi-ally. By this method, blood is supplied to 
the middle lobe, the right upper lobe, and the entire left lung. The right 
ventricle and i)ulmonary valve thereby may be completelj' by-passed. Other 
investigators^’ ■* also have Iiy-passed the right heart using similar methods in 
experimental animals. In the experimental work of this nature, we have 
found that with sufficient suction applied to the right atrial cannula the tri¬ 
cuspid valve apparently sealed itself and, altliongh the right ventricle was 
opened, there was no bleeding or as|)iratiou of air into the cannula. If there 
is a small amount of blood getting into the right ventricle, a light clamp may 
be placed across the pulmonary conns without interference with cardiac func¬ 
tion. The pulmonary valve is, therefore, completely removed from the circu¬ 
lation. By this method, the coronary sinus blood, together with all the blood 
entering the atrium, is passed through the mechanical heart. If, on the other 
hand, the venae eavae are eannnlated, there must be a separate plan for 
handling the coronary sinus blood. 

The experimental work on dogs shows that there are right-sided hypo¬ 
tensive reflexes present which may be of extreme degree. These may be ini¬ 
tiated by traction upon the pulmonary vessels.^ In operations upon the lung 
on iuunan beings, it is not usual to see significant hypotension while traction 
is being applied to the vascular structures. There could exist, however, short 
periods of hj’^potensiou in such operations on human beings which would not 
be detected by the usual sphygmomanometer method. This hypotension is 
thought to be due to the Bainbridge reflex. The hypotension due to traction 
upon the vascular structures may or may not be a part of the same mechanism. 
It is our impression that man3' phj'siologic studies need to be made on this 
problem. 

CASE REPORT 


The patieut who underwent this procedure was a IG-year-oid wiiite hoy. Sis weight 
was 76.3 kg. Ho had been short of breatli on sliglit o.vertion for many years. The boy 
was unusually large for his age; he was well developed with large muscular structures. 
There was no visible cyanosis or clubbing of the digits, and the general physical examina¬ 
tion was entirely normal except for the cardiovascular examination. The heart was regu¬ 
lar in rhythm. There was a loud harsh sj-stolie mnrmur over the pulmonary valve area. 
This could be heard less distinctly over the rest of the thoracic wall. The blood pressure 
was 110/70 mm. Hg. 

The red blood count was 4,930,000 per cubic millimeter. There was 14.5 Gm. of 
hemot^lobin per 100 c.c. The white blood count was 6,200 per cubic millimeter with a nor¬ 
mal differential count. Urinalysis showed a specific gravity of 1.022 with no evidence of 
ilbumin su«ar, or cellular elements being present. TJie Kahn test for sj^hilis was nega¬ 
tive The nonprotein nitrogen was 30.0 mg. per cent; the prothrombin was 100 per cent 
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The mechanical heart already had been assembled and filled with donor blood. The 
tubing leading to the mechanical heart and away from it were then connected to the can- 
nulae in the atrium and pulmonarj’ artery, care being taken that no air bubbles got into 
the circuit. The mechanical heart then was slowly turned on until the entire right-sided 
circulation was diverted from the ventricle. The maximum flow through the mechanical 
heart was found to be L. per minute. The heart showed no arihythmias and there 
was no great fall in systemic blood pressure. After the action of the heart and the elec¬ 
trocardiogram had been obher\ed for two or three minutes, there being no change, the 
main pulmonary arterj- was isolated from the ascending aorta. It was greatly dilated. A 
clamp was placed across the pulmonary artery just proximal to its bifurcation. A light 
noncrushing clamp uas placed across the pulmonary conus thereby completely walling off 
the pulmonary vahe from the circulation. The stenotic valve which protruded out into 
the base of the pulmonary artery could be palpated. A transverse incision was made at 
the base of the pulmonary artery and the pulmonary \alve was well %isualized (Fig. 7). 


A. 


B. 



A \ahuIoplasty u.as carried out under direct M’sinn t i- -j , 

Ibe long flap, of excess nere excised (F^.^ S i ’11'' Th" 
pulmonary .wtery ^^a, then sutured nith No. 0000'’arterial s'ilk Tl’ T 
and the mcclmn.cil heart uas slonlv shut off allonin- the rUht ^ ‘"T 
lormer function. After the r.ght tentricle had re,unred ' “ to resume its 


its function, there 


"as a \erv 
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lilled the moehauieal heart and the lemaiuder was given intravenously to the patient. Ten 
minutes after the heparin was gi%en, the clotting time was taken and this test was re¬ 
peated for the next four hours, dining which time there was no evidence of clot forma¬ 
tion. The right ulnar artery was exposed, and a Xo. S Cournand cardiac catheter was in¬ 
serted and passed up to about the innominate artery. This was connected to a direct 
recording device so that a continuous arterial pressure could bo recorded at all times. A 
continuous eloctiocardiogiam was aKo recoided (Fig. li). 

Ether anesthesia was administoied by Dr. A. B. Stearns. A transieise incision was 
made on the anteiior thoiacic wall, and both thoiacic cavitie.s wore entered through the 
third intercostal spaces. The sternum was tianseetcd. After inserting a rib spreader on 
either side, a \ery wide expo.sure of the thoracic contents was obtained. Inspection and 
palpation of the heart showed a huge right atrium and right ventricle. There was a very 
vigorous systolic thrill over the base of the pulmonary artery. 



Fig". 6.—Recoid of electiocaicUogram, arterial pressuic, and tlie blood piessuie as it leaves 
the mechanical heal t dm ms a complete by-pass of the i ight lieai t m a patient. 

The intoilob.il lissuie on the right side was sepaiatod, and the aiteiy to the light 
lower lobe was isolated. An S mm. cannula was inseited into the aiteiy and tied in place. 
The cannula was pointed centially so that blood was supplied to the middle lobe, the right 
upper lobe, and the eutiie left lung. The pericardinin was then opened on the right side, 
exposiu"' a huge light atiiiim and atiial appendage. A 10 mm. eannala was inserted into 
the atrium througli the appendage and sutured in place. 
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faint systolic thrill felt in the dilated pulmonary artery. This could be accounted for by 
the dilatation of the pulmonary artery. The ineelianical heart was disconnected from the 
cannulae ^^hich were then removed. The incision in the pulmonarv arterv to the right 
lower lobe was sutured transversely, re-establishing its continuitj-. The atrial appendage 
was ligated at its base and excised. The incision in the chest wall was then sutured with 
iuteirupted silk sutures with drainage tubes placed in both thoracic cavities. The heart 
action remained good throughout the procedure, there being no arrhythmias. There was 
con.siderable blood loss during the removal of the cannulae which produced moderate hj-jio- 
tension. The patient received blood replacement throughout the entire procedure. 




[imiiifiiimimii 


rTwic » ■ jl I f 

A. E. 

Kigr. S.—.1 and E, Flaps of e.xcess piiImoniir.v valve tissue e.xcised. 

Postoperativoly the patient was in fair condition. There was some dyspnea, requir- 
ing oxygon therapy. The temperature remained elevated for appro.xiniately one week. 
The patient received intensive antibiotic therapy for three weeks. Blood-streaked sputum 
was raised for one week following the operation. X-ray e.xamination of the thorax re¬ 
vealed bilateral lung disease which was interpreted as pulmonary edema. This completely 
cleared within two weeks. A low-pitched systolic murmur is still heard over the pul¬ 
monary valve area. 

Extensive blood chemical examinations were made both before and after operation. 
Xo significant change could be detected other than those common to any major procedure 
of this magnitude. 

The patient wa.s di.-.charged one month after the operation, having remained in the 
hospital longer than usual for purposes of observation. There has been marked clinical 
improvement, and the patient no longer complains of dyspnea. He has been working as a 
freight handler, although against advice. 

The postoperative cardiac catheterization pressures are vastly dilferent. Preopera- 
tively the pressure in the right ventricle was 190 mm. Hg. Six months after the opera¬ 
tion, the patient underwent cardiac catheterization, and the pre.ssure in the right ventricle 
reached as high as 50 ram. Hg. The pulmonary artery pressure is now 22 mm. Hg (Figs. 

9 and 10). Preoporatively it could not bo obtained.. The arterial o.xygen saturation is 
now 97.2 volumes per cent, having risen from the preoperative level of 90 volumes per cent. 
It may bo assumed that the lowering of the saturation was duo to the low pulmonary artery 
pressure. The size of the heart has decreased as illustrated in Fig. II, A and E. A 
photograph of the patient is shown- in Fig. 12. 

This is, to our knowledge, the first instance of a complete hj^-pass of the 
right heart in a patient. Obvionslj' tliere must not be a defect of tlie cardiac 
septa with such a procedure. Dogliotti“ reported a successful partial by-pass 
of the right heart of a patient undergoing surgery for a mediastinal tumor. 
He reported the blood flow through his artificial mechanism as 1 L. per minute. 
Since his patient was an adult, the amoiint of blood diverted from the right 
side of the heart would be approximately one-third to one-fourth of the total 
rin-ht-sided circulation. Since our patient did \vell with tliis procedure, it is 
“ that a unilateral by-pass of the heart in patients can be done. e rec- 
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period, it was necessary that he he kept flat in a j)laster cast. Approximately 
one week postoperatively, the patient became ambulatory and, as he was in 
the upright position, a very critical situation developed. He suddenly be¬ 
came extremely dyspneie and cyanotic. The attendants around him thought 
that he was dying. He collapsed and fell to the prone position, following 
which he revived and seemed essentially noi-mal while in the prone position. 
The next day he was again made to sit up, and the same situation developed. 
He again collapsed and fell to the prone position, and was again revived. The 
following day he suddenly died. Post-mortem examination showed a huge 
embolus which had gotten into the right ventricle and would, in the upright 
position, totally obstruct the pulmonary valve. As the patient collapsed and 
fell flat, the embolus would drop down into the lower ventricle where the cir¬ 
culating blood could pass around it. If such a condition could be diagnosed in 
sufficient time, the embolus could lie removed. These are mere examples of 
the application of a complete by-pass of the right heart, and probably many 
other conditions exist for the clinical application of this procedure. 


SUilll.VRV 

1. A successful complete by-pass of the right heart in a patient with con¬ 
genital pulmonary stenosis is reported. The left heart and the lungs con¬ 
tinued to perform their functions. 

2. The main pulmonary artery was clamped off for twenty-five minutes 
while the pulmonary valve was exposed and enlarged \mder direct vision. 

3. The blood flow through the mechanical heart was lyo L. per minute. 

4. The patient is vastly improved. 

5. To our knowledge, this is the first successful total by-pass of the right 
heart in a patient. 
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.til- \ t B. LAil, Detroit.—Apparently this rather large operation w 

t bred to correct v;ilvular pulmonic stenosis because it appeared that the Brock oper 

hat Wr" R o fi « ^he abstract. I am not aL 

that Mr. Brock has reported any unfortunate recurrences with his patients in which oric 
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Pig 12.—Pliotograpli of the patient one month after operation 


ogzlize the fact that not many patients with congenital pulmonary stenosis 
could undergo this procedure, since manj'- of them have seiital defects as well. 

There are not a great variety of diseases of the right heart in which the 
right-sided by-pass could be used. Pulmonary stenosis without other defects 
is one example. Diseases of the tricuspid valve may be another example. 
There are also rare examples of large emboli lodging in the right side of the 
heart producing serious warnings before a fatal issue. 

Such a condition is briefly illustrated by the following experience. A 
young adult luiderwent surgery on the lower spine. During the postoperative 
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we felt it might be feasible because the leguigitant pressure 'nould presumably amount 
to approximately only 8 mm Hg, that is, the diastolic pressure of the pulmonary artery. 
For that reason we have recently giien this a clinical trial m three patients by the use 


of general hjpothermia 

(Slide.) It IS necessarj to hai e a bathtub full of ice n ater to put the patient in, 
with a constant temperature recording machine Note the anesthetist’s respiration device; 
hjperientilation throughout the procedure is lery important 

(Slide) The opeiative procedure is essentially simple. One puts tapes around the 
venae caiae and ties the az 3 gos vein. Pull up on the tapes and after about thirtj to 
fortj five seconds the heart will be quite empty. It is now possible to make an incision in 
the pulmonarj arterj^ diieeth over the \al\e, and in the dry field theie it is possible to 
grasp the lahe and excise it A nonerushing clamp is then applied to tlie incision m the 
pulmonar)" artery after flooding it with saline solution Blood flow may now be resumed 
while the aiterj is sutuied We actualW occluded the circulation in these three patients, 
one for seien and one half minutes, one for thiee and one half minutes, and one for three 
minutes and fi\ e seconds 

(Slide) This shows the \al\e lesected in one patient, and includes the original 
small lumen Here is the ial\e with the lumen 

In these three children, all had essentialh a noneientful postoperative course The 
period of obseiration has been slioit Tliej' had immediate dramatic improvement in ever 
Oise tolerance, but I would not like anvone to believe that at this time w'C recommend this 
procedure for general adoption Ceitainh we must wait for a time to evaluate the effect 
of total valvular excision and the impoitance of piilmonarv regurgitation in the human 
patient 

BE GEORGE H HUMPHREYS, New Y'ork—I .im suiprised to heai of these 
very radical operations for an anoiiialj which can be collected as directly and simply as 
it can be bj the Brock procedure In an experience of about tliirtj' cases, using the con 
ventional Brock knife, w e hav e had onlj one death, and that w as due to a technical error. 
I think that the degree of right ventricular hvperteiision which persists after the procedure 
IS not verj well known, and probablj some of tho'-e patients in whom it has been doeu 
iiiented have had a high right ventricular piessure ever since the procedure; in other 
words, the procedure has not been an adequate one to begin with 

We have been able to catheteiize a luiraber of these patients on the operating table 
and obtain right v eiitricular pressures iiiimediatel)' after the Brock procedure In some 
cases when we felt that technicallv- we had done a good job, we found that the pressure 
was still high, and we were able to go back and stretch the valve again and obtain a nor 
lual pressure. I think that perhaps some of the late so called poor lesults are duo to an 
inadequate operation in the first place I think another cause is often overlooked, that it 
IS a verj small ventricular septal defect. Several of these have been encountered that 
were not detected bj- catheterization before operation In these patients the right ven 
tricukir pressure balances the left, and there is little or no shunt in a high small ventncu 
lar septal detect, that is, no arterial blood will be detected in the right outflow tract on 
cathotorizatioii. However, after operation, artcrializition can be detected in the outflow 
tract, and that means that a small ventricular septal defect is present and that the hu'h 
right ventricular pressure is due to this and not due to recurrent stenosis. 


DR. DODRILL (Closing) —I realize tint a right sided bv pass will not be applicable 
to ininv pitients with conginital piilmonarv stcnosm because the vast majoritj do 
have septal defects of one sort or another. The point that this illustrates is tliat a 
right sided bvpuss s,cins to lie a prutical procedure that ni ij he applied in the future 
to other disc ISIS, aside from piilmonarv stenosis I think such drastic procedures as 
those that ire in i development st ige will of ncoessitv carrv a higher mortalitv rate 
than those procedures which have .ilreadv been worked out When wo think back'a few 

■ft'n -n >“ ■'Hiiple lung resections, then a mortalitv rate of less 

t)nn .)0 per cent, uhich ha\e had m our o\er all result^ I think i*? nnt f-vrx a 

p irtKulirlv 111 view of the fact that most of the pitients have been far advancId'TnTra^v’ 
poss.hlv have i irritd a siinil ir mortalitv with the Brock procedure. 
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studies. Olio of tho two patiouts witli complicated cases was uii infant aged 3 months. 
The Brock \ al\'ulotoniy performed about ten minutes lifter the beginning of the opera- 
tiou, rho child did not survivOj and the autopsy showed that the aortic valve was in¬ 
volved in a similar process. TTie second patient who did not survive had a long infundibu¬ 
lar stenosis in addition to tho valvular stenosisj and there was ditHcuIty in inserting the 
Brock valvulotome. Although the valve was opened moderately, for some rea.son death 
occurred several hours after the procedure. 

The last operation of this type was on a 4S-year-old woman. The total .operating 
time, from tho beginning until the incision was closed, was one hour and three minutes. 

I should like to have Dr. Dodrill tell us if this is the 0 UI 3 ' case he has had. One 
would suspect that a rather high initial mortality' would ensue. 

DR. HARRIS B. SHUAIAGTCER, .TR., Indianapolis.—Dr. Dodrill mentioned the 
need for more postoperative catheterization studies following pulmonary' valvulotomj' 
performed according to the method of Air. Brock. Up to the present time there is ver^’ 
scant information of this sort in the literature. Although I have verv little to add I 
thought it might be of .some interest. 

Dr. Paul Lurie and I have been interested in functional studies on patients with pul¬ 
monic valvular stenosis without ventricular septal defect. Thus far only seven patients 
have been subjected to catheterization before, and some time after, operation. All seven 
of these patients had mild or moderate .s^'inptoins. All have done ver^’ well clinically and 
have been relieved of the s.vmptoins present before operation. Studies of right ventricu¬ 
lar pressure after operation have been somewhat disappointing. In live patients there was 
a slight fail in right ventricular pressure and in two a marked fall, but in none was there 
a return to an absolutol}- normal level. The calculated valve area was the same after 
operation as before in two patients and was increased in the other Jive, but in none was it 
calculated to be more than throe times as large as before operation. We realize, of course, 
the limitations of accuracj’ in the estimation of valve area. 

Studies of arterial o.xj’gon saturation, breathing room air and pure oxj’gcn, have, on 
the other hand, boon more encouraging. Of four patients who had a definite veuo-arterial 
.shunt before surgoiy, the evidonco of shunt has completely' disappeared in two and has 
been reduced to a borderline degree in the other two. Evidence of a borderline veno¬ 
arterial shunt in one patient has remained iinchanged since operation. In another patient 
with an intermittent veno-arterial shunt before operation, no shunt is apparent after¬ 
ward. 

Possibly of greater signilicancc than the other results of catheterization is tho ob¬ 
servation that one patient with a very high prooperative right ventricular pressure not 
reduced significantly by operation has been shonn postoperatively to have a normal in¬ 
crease in cardiac output with e.vercise or, to put it more precisely, a normal increase in 
pulmonary artery flow. Quite in contrast, one patient with very mild pulmonary valv'ular 
stenosis and with a right ventricular pressure of only 40/0 demonstrates no rise whatso¬ 
ever ill pulmonary' artery' flow with exercise. She has not been treated surgically. It is 
possible that exercise otfectively increases the mobility' of the surgically' made bicuspid 
valves and that the valve urea is actually- increased under stress over what it is at rest. 


It is planned to continue such studies. 

We cannot help wonder whether the poor correlation between certain laboratory 
observations and tho clinical course of the patients is not duo to the fact that, up to the 
present, we have not focused our attention upon those particular laboratory' studies which 
would reveal an actual improvement comparable to that which has been observed in tho 
clinical course of all our patients, regardless of whether their symptoms before operation 


were mild, moderate, or marked. 

DR, HENRY SWAN, II, Denver.—Wo too have been iiiueh concerned about tho 
tendenev of the right ventricular pressures to stay well above normal limits following the 
Brook procedure, in spite of the fact that there is marked clinical improvenient in the 
natient Eor that reason we ha\e considered the possibility of actually e.vcismg the valve, 
realizin’"- of course that this would cause regurgitation. Dr. Hufnagel has shown that one 
Tn excise the pulmonary valve in the normal dog. In addition, on theoretical grounds 
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introduced plastic discs on either side of atrial septal defects and then me¬ 
chanically secured them to each other so that a rim of septal tissue tvas grasped 
by the discs. These plastic prostheses were rapidly covered with endothelium 
and were apparently well tolerated by experimental animals. In order to ime 
this method, the rim of septal tissue must be complete, otherwise the button will 
not remain in position.^ 

Gro-ss'" • has closed interatrial septal defects in seven patients, operating 
through an open rubber well sutured to the margins of a wound in the right 
atriimi. Blood rises a few centimeters in the well to a height equal to the atrial 
pre.>sui-e. By distal palpation through the well. Hufnagel buttons were placed 
across the defect in three patients, a sheet of nylon or polyethylene was sutured 
to the margins of the defect in three other patients, and in one patient two 
defects were closed by simple suture. Because of incomplete septal rims the 
Hufnagel buttons became dislodged and the three patients subsequently died. 
One death occurred in the three patients whose defects were closed by nylon or 
polyethylene sheets. The three surviving patients are all improved but catheter¬ 
ization studies reveal a persistent but greatly diminished left-to-right shtmt at 
the atrial level. 

In the methods just referred to the surgeon has the serious handicap of 
being unable to see the extent of the defect or the operative field in which he is 
working. A clear field of vision can be obtained only by preventing the blood 
in the venae eavae from entering the right atrium. 'Without an extracorporeal 
blood circuit to maintain cardiorespiratory ftmetions, the venae eavae can be 
safely occluded for only thi-ee or possibly five minutes. Lowering the body 
temperature to reduce metabolism has recently been proposed and employed to 
increase the duration of safe caval occlusion. 

Ilartin and Esse.x’^ and .Swan’® have experimentally created interatrial 
septal defects under direct vision during exclusion of the heart from the circu¬ 
lation by caval occlusion at normal body temperatures. By reducing the body 
temperatinc. Bigelow^ has shown that the period of caval occlusion may be 
markedly prolonged. In a recent article,* Bigelow reports that with hj'po- 
thermia in monkeys, the heart may be excluded from the circulation for as 
long as twenty-four minutes evith survival. Thi-s method has been used sue- 
ce.-vsfully in human beings.*’ *' AYithout extracorporeal maintenance of the 
canliorespiratoiy functions, caval occlusion, even with hypothermia, provides 
only a brief .'-afe interval of time for open cardiotomy. Exceeding this brief 
time interval tviii result in cerebral damage or death. 

In our opinion a .mfer method of obtaining a bloodless heart con.sLsts in 
the maintenance of the eardiore.-,piratory functions of the subject by a pump- 
oxygenator apparatus while the venae eavae are oeeludcd. Tiiis gives adequate 
time for preehe -suruieal procedures within the ot)eu heart. Both venae eavae 
hate been occluded iu animals for as long as one hour and forty minutes with 
prolonued survival of the animal in a healthy condition." Dennis and Itis co¬ 
workers- attempted the repair of an interatrial septal defect in a liuman beiim 
un.kr .brect vision, usin-a an extracorporeal eii’ciiit embodying an oxvaenator 
Tile delect was clo-ed but the patient died. 



THE PRODUCTION AND REPAIR OF INTERATRIAL SEPTAL 
DEFECTS UNDER DIRECT VISION WITH THE ASSISTANCE 
OF AN EXTRACORPOREAL PUMP-OXYGENATOR CIRCUIT 

Bernard J. Miller, M.D. (by invitation), John H. Gibbon, Jr., M.D., 
Victor P. Greco, M.D. (by invitation), Burgess A. Smith, M.D. 
(by invitation), C. Harold Cohn, i\I.D. (by invitation), and 
Prank P. Allbritten, Jr., M.D. 

Philadelphia, Pa. 


A NUjMBER ol' iiietliods have been proposed and eniiiloyed lor the closure 
of interatrial seiital defects without diverting the circulation from the 
heart. In none of these inethod.s can the surgeon see the niai'gins of the septal 
defect. 

Cohn’ demonstrated that experimentally produced defects in the interatrial 
septum could be closed by suturing the wall of the right atrium to the margins 
of the defect. The stalk resulting from the invagination of the right atrial 
wall was then divided and the defect in the atrial wall sutured. Bailey“ has 
recently modified this procedure in patients by not dividing the invaginated 
stalk. Ho also inserted a finger into the right atrium during the procedure so 
that the margins of the defect could be paljiated during the jilacement of sutures. 
IVith large defects, unless the atrium is greatly dilated, there is some danger 
of obstructing the return from the venue cavae by this method. Shumacker'* 
has avoided much of the reduction in size of the atrial chamber by the use of 
a pouch of pericardium. A small sac of pericardium is constructed and sutured 
to the margins of an incised wound in the atrium. The sac is then invaginated 
into the atrial chamber and sutured to tlie margins of tlie atrial defect. 

Swan and his associates'” iiave closed e.xperimcntaliy produced interatrial 
septal defects in animals by invaginating both auricular appendages and oppos¬ 
ing the tips through the septal defect by mattress suture through two plastic 
buttons. A modification of this method has recently been applied to the closure 
of interatrial septal defects in luuuan patients.'" Postoperative studies in two 
patients showed incomplete closure of the defect. 

Murray,'” in four human beings, attempted to close defects in either the 
interatrial or interventricular septum by passing mattress sutures of fascia 
lata or silk across the defect in the plane of the septum. When these sutures 
were tied, the resulting comjircssion of the septum apparently reduced the size 
of the defects. No subsequent reports have appeared and it seems unlikely that 
complete closure of septal defects can be accomplished by this method. 

Large experinientallj’’ produced defects in the interatrial septum have been 
successfully occinded by means of a plastic prosthesis. Ilufnagel and Oillespie'” 
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intvodueoil plastic discs ou either side of atrial septal defects and then iiie- 
ehanically secured them to each other so that a I’ini of septal tissue was "laspcd 
by the discs. These iilastic i)ro.sthoses were rapidly covered witli endothelium 
and were aiil'arcutly well tolerated by expertiiiental animals. Tn order to use 
this method, the rim of septal tis.sue must he comiilete, otherwise the button will 
not remain in position.* 

Gro.ss*'" has closed interatrial septal defects in seven patient.s. oiieralinj; 
through an oiien rnhber well sutured to the margins of a wound in the right 
atrium. Blood risc.s a few centimeters in tlie well to a height equal to the atrial 
pre.ssure. By digital iialpation through the well, llulnagel buttons were placed 
across the defect in three jiatients, a sheet ot nylon or polyethylene was sutured 
to the margins of the defect in three other patient.s, and in one patient two 
defects were closed by simple .suture. Becau.se of incomidete sciital rims the 
Ilufnagcl buttons hecame dislodged and the three patients subsequently died. 
One death occurred in the throe patient.s who.se defects were closed by nylon or 
polyethylene sheets. The throe surviving patients are all improved hut catheter¬ 
ization studies reveal a persistent but greatly diminished Icft-to-right shunt at 
the atrial level. 

In the methods just referred to the surgeon has the serious handicap of 
being unable to see the e.xtent of the defect or the oj)erative field in which he is 
working. A clear field of vision can be obtained only by i)revcnting the blood 
in the venae eavac from entering the right atrium. \Yilhout an extracorporeal 
blood circuit to maintain cardiorespiratory functions, the venae cavae can be 
safely oecluded for only three or i^o.ssibly five minutes. Lowering the body 
temperature to reduce metabolism has recently been proposed and employed to 
increase the duration of safe caval occlusion. 

^lartin and Essex” and Swan” have experimentally created interatrial 
septal defects under direct vision during exclusion of the heart from the circu¬ 
lation by caval occlusion at normal body temperatures. By reducing the body 
temperature, Bigelow* has shown that the period of caval occlusion may be 
markedly prolonged. In a recent article,' Bigelow reports that with hypo¬ 
thermia in monkeys, the heart may be excluded from the circulation for as 
long as twentj’-four minutes with survival. This method has been used suc¬ 
cessfully in human beings.*’ ** AVithout extracorporeal maintenance of the 
cardiorespiratory functions, caval occlusion, even with hypothermia, provides 
only a brief safe interval of time for open eardiotomy. Exceeding this brief 
time interval will result in cerebral damage or death. 


In our opinion a safer method of obtaining a bloodless heart consists in 
the maintenance of the cardiorespiratory functions of the subject by a pump- 
oxygenator apparatus while the venae cavae are oecluded. This gives adequate 
tmie for precise surgical procedures within the open heart. Both venae cavae 
ha^ e been occluded in animals for as long as one hour and forty minutes with 
prolonged survival of the animal in a healthy condition.** Dennis and his eo- 
workers* attempted the repair of an interatrial septal defect in a human behm 
imder du'eet vision, using an e.xtraeorporeal circuit embodving an oxv-enator 
The detect wms closed but the patient died. ' ° 
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Any method which exposes tlie left side oi' tlie lieart to atmospheric air 
(eitlier a left cardiotomy, or a right cardiotomj' in the presence of a septal 
defect) carries with it the danger of air embolism in the systemic arteries, ilartin 
and Essex'^ and Swan*® observed air emiiolism in the coronary arteries during 
the production of interatrial septal defects. The hazard of air embolism in the 
systemic arteries during the production or repair of interatrial septal defects in 
the opened heart still exists in hypothermic states. Lewis and Taufic*® filled 
the left atrium witli physiologic saline solution while the aorta and coronary 
arteries were clamped during clo.snre of an interatrial septal defect in a human 
being. The clamp was released after the wound in the atrium had been sutured. 

This method of avoiding air embolism by attempting to keep the left cardiac 
chambers full of fiuid is not uniformly successful. Senning** has demonstrated 
in dogs that air embolism of the systemic arteries can be avoided liy inducing 
ventricular fii)rillation during repair of atrial septal defects under direct 
vision employing an extracorporeal blood circuit. The pumping action of the 
heart is arrested during.ventricular fibrillation and air cannot be pumped into 
the aorta. After the atrial wound had been .sutured, normal rhythm could be 
re-established hy a defibrillating electric shock. 

The following report demonstrates that in animals interatrial septal defects 
can be successfully created and repaired under direct vision with an open 
cardiotomy while the cardiorespiratory functions are maintained by a mechanical 
heart and lung apparatus during the period of caval occlusion. In addition, the 
danger of air embolism can be avoided by what appears to be a safe and prac¬ 
tical method. 

APl’ARATUS 

The pump-oxygenator used in these experiments is basically the same as 
that previously reported,*’’ but the method of withdrawing blood from the venae 
cavae has been modified. Previously' the roller t.vpo jiumps were eonnected 
directly to the cannulae in the venae cavae. At the beginning of each pumping 
cycle when the roller began to compress the rubber tubing, there was a momen¬ 
tary positive pressure in the cavae. This was immediately followed by negative 
pressure as the roller moved onward compressing the tubing through an arc of 
180 degrees. During the negative pressure phase of the pump cycle, the venae 
cavae frequently collapsed at tlie orifice of the cannula. Obviously the peak 
negative pressure of a fluctuating pressure c.vcle will be higher than a uniform 
negative pressure producing the same flow rate. Thus a lower steady' negative 
pi-essure should produce the same rate of blood flow with less fluttering and 
intermittent occlusion of the cavae. By interposing between the cannula and 
the pump a vacuum chamber in which the blood collects, the imlsations produced 
by’ the pump have been eliminated.*’ ** 

The modified extracorporeal circuit is illustrated diagraminatieally' in Pig. 1- 
The blood from both venae cavae is carried through a T.vgon tube to the eollect- 
in" chamber (A). A slight negative pressure is maintained within this chamber, 
which is placed at approximately the same level as the venae cavae. As blood 
from the cavae enters the collecting chamber, the level of the blood rises, thus 
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autonuitically energizing the pump (£). The pumi) (A) autonuUieall\ main¬ 
tains a constant level of blood in the negative pressure eollceting clmmher (.1) 
by means of the variable eapaeitor iireviously described.” ^Vitll the smootli 
constant suction obtained by the interposition of chamber (A) between the roller 
pump and the vena cava, individual control of the How rate from eacli cava is 
no lonser necessary.” The amount of negative pre.s.sure needed to empty the 
cavae am lie easily and quickly regulated. The negative pre.ssure reciuired is 
i*arelv greater lliaii 10 iniu. mercury. 



venous blood collecting chamber. E, Pump for emptying venous systemic blood collectinj; 
chamber. F, Oxygenator pump. G, Thermocouple for venous blooti temperature. G'. Thermo¬ 
couple for arterial blood temperature. H, High-pressure sensing tlevice. H\ High-pressure 
sensing device. J, Screen oxygenator. J, pH electrode holder. K, Automatically controlled 
arterial pump. Filter. 


The cardiac venous blood entering the right atrium must be eontinuously 
removed from the operative field in order to provide exposure of the interatrial 
septum. The blood and air aspirated from the right atrium are conducted 
through a Tygon tube to the inner cylinder of collecting chamber (C) and 
spread in a thin film.'^ The bubbles of air disperse from the blood film as it 
descends by gravity to the pool at the bottom of the chamber. 

As stated, when an open right atrial cardiotomy is performed in the 
presence of an interatrial septal defect, the left atrium is exposed to atmospheric 
air. During diastole, air and blood pa.s.s through tlie mitral valve into the left 
ventricle. During systole the mitral valve closes, and both air and blood will be 
forced into the aorta with resultant air embolism of the coronary and other 
systemic arteries. The simplest and safest method of avoiding such air em¬ 
bolism is to provide a low-pressure vent for the left ventricle. With systole the 
contents of the left ventricle will then be expelled througli the vent instead of 
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being forced into tiie aorta. A Tygon tube 5 nim. in diameter is inserted into 
the left ventricular chamber by means of a stab wound in the apex. This tube 
conducts blood and air from the left ventricle to the collecting chamber (C). 
The negative pressure in cliamber (C) is maintained at approximatelv 30 mni. 
Hg. 

In the following experiments the blood collecting in the bottom of chamber 
(C) was returned to the venous side of the extracorporeal blood circuit by means 
of a manually controlled pump. As illustrated in Fig. 1, a variable capacitor, 
similar to that operating pump (‘F), is being constructed which will automati¬ 
cally energize the pump {D) and maintain a constant blood level in the chamber 
(C). This has been shown to oiierate satisfactoril 3 v’^ 

The oxj'genator pump (F) draws blood from the bottom of the oxj'genator 
ease as well as from the two venous pumps (D) and (E). The flow through this 
pump is fixed at a rate which is greater than the sum of the maximum flow rates 
through the pumps (D) and (E). The ox.vgenator pump maintains a constant 
flow rate over the screens and so insures constancj' of the volume of blood held 
on the screens. This avoids anj^ change in the volume of blood in the subject’s 
blood vessels during the course of the perfusion. 

The high-pressure sensing device (11) becomes operative in the event of 
occlusions of the slits in the distributor chamber of the oxj'genator and stops 
all pumps in the extracorporeal circuit. This event has never occurred in eiglit- 
een months’ continuous use of the apparatus. 

The oxj'genator (7) consists of a series of verticallj’’ suspended stainless 
steel sereens.^^ Blood enters the distributor chamber at the top of tlie 
oxj^genator and then descends by gravitj- over the screens and accumulates in a 
small pool at the bottom of the ox.vgenator ease. An electronic device similar 
to that controlling the pumps (D) and (E) operates the arterial pump (K) 
so as to maintain a constant level of blood in the bottom of the ox.vgenator case 
at all rates of blood flow. 

Before entering the subject, the ox.vgenated blood passes tlirough the 
electrode assemblj'- (J) where the pH is continuousl.v measured and recorded by 
a self-balancing potentiometer. The pH is automatically maintained at the level 
desired bj’’ tlie intermittent addition of carbon dioxide to the oxj'^gen flowing 
through the ox.ygenator. Thermocouples placed within the chamber (G) and 
(O') measure the temperature of the venous and arterial blood. The tenipeni- 
tures are recorded on a self-balancing potentiometer on the front panel of the 
main cabinet. The high-pressure sensing device (//') automatically stops the 
venous and arterial pumps should high pressure develop as a result of an 
obstruction in the tube returning blood to the subject. The pumps remain 
inoperative until the obstruction has been relieved. 

PREPARATION OP THE APPARATUS 

The apparatus was prepared as has been previously reported.^'' All com¬ 
ponents of the blood circuit ivere completel.v disassembled and mechanically 
cleaned with detergent solution. Following reassemblj’ of the apparatus, the 
blood circi ' ^ ' the oxj^genator ease was filled with a 1 ;1,000 solution of 
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aqueous benzalkonium chloride. After one hour the henzalkonium chloride 
solution was I'czuovcd and the blood circuit filled with sterile physiologic saline 
solution. The saline solution was then drained and the system washed with six 
separate fiCteen-minute rinses of 1,500 ml. of sterile physiologic .saline solution. 

The tubing of the extracorporeal circuit was then filled with heparinized 
blood obtained from donor animals. Tliese animals received an intravenous in¬ 
jection of 3 mg. per kilogram of body weight of heparin before cxsaiiguination. 
Usually 2,000 ml. of heparinized blood was obtained from donor animals. The 
extracorporeal circuit volume was 1,200 ml. when the small oxygenator was used. 
An additional 600 ml. of heparinized blood was rcciuired when the large 
oxygenator” was used. The blood remaining after the extracori)oreal circuit 
was filled was used to replace blood lost during the operation and also blood 
withdrawn for gas analysis. An additional 1,000 ml. of citrated blood wars 
obtained from a donor animal. This was used to replace blood lost by scro- 
sanguincous effusion into the pleural cavities postopcratively. 

The donor blood was circulated through the apparatus from a small llask 
in a constant temperature water bath. The blood film was established on the 
screens of the oxygenator a short time before the subject was connected to 
the extracorporeal circuit. The oxygenator pump (/’’) was set at a flow rate 
of 1,800 ml. per minute when the small o.xygenator was used and at a rate of 
3,500 ml. per minute when the large oxygenator’ ‘ was in the circuit. 

OI'EUATIVE TECIlNiqUE 

The dog was given an intramuscular injection of 3 mg. per kilogram of 
body w'eight of morphine sulfate approximately forty-five minutes before opera¬ 
tion. .tUiesthesia w'as induced and maintained by intravenous 2.5 per cent 
Pentothal Sodium solution. An endotracheal tube with an inhatable cuff was 
placed within the trachea and connected to an electrically controlled positive 
and negative pressure respirator capable of producing apnea by overventilation. 

Both femoral arteries were exposed. With the animal lying on its left side, 
the right pleural cavity was entered through the bed of the fiftli rib. Tlie 
superior and inferior venae eavae and the vena azygos major were exposed and 
braided silk ligatures placed beneath them. Heparin was then injected intra¬ 
venously in the amount of 3 mg. per kilogram of body weight. TJie arterial 
and venous pumps were stopped, but the oxygenator pump maintained the blood 
flow over the screens of the oxygenator. Clamps were applied to the tubes 
leading to the extracorporeal circuit. The arterial and venous eannulae were 
then connected to these tubes. Generally one, but occasionally both, femoral 
arteries were cannulated centrally for the return of arterial blood from the 
apparatus. Either the remaining femoral artery or the left brachial artery was 
cannulated for direct measurement of blood pressure. 

One venoi;s cannula was inserted in a cephalic direction in the superior 
vena cava through an opening in the azygos vein. A pedieled pericardial graft 
was then cut (Pig. 2, A). The attached base of the graft was cephalad The 
second venous cannula was then inserted in the inferior vena cava tlirou-h an 
opening in the tip of the right auricular appendage. 
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The clamps ivere removed fi'om the tubes leading to the e.vtraeoi'poreal 
circuit, thus diverting a part of the systemic venous return to the heart througli 
the apparatus. The arterial pump automatically returned, at tlie same rate, 
artei’ial blood to the femoi'al arteiy from the e.vtraeorporeal circuit. The liga¬ 
tures previously placed around the venae cavae vere tied over the cannulae 
completely diverting the systemic venous blood floiv to the extracorporeal circuit 
(Pig. 2, 5), Yeutilation of the lungs by the respirator Avas then discontinued 
as it was no longer necessary, and the absence of respiratory movement made 
the subsequent operative procedures easier. 

In the first group of seventeen dogs, the right atrium was widely exposed 
by an incision extending from the right auricular appendage to the inferior 
vena cava parallel to the coronary sinus. The operative field was kept relatively 
bloodless by aspirating the cardiac venous blood. A large portion of the inter¬ 
atrial septum above and posterior to the coronary sinus was excised under direct 
vision. The defect was roughly circular. The extent of the opening was 
measured by calipers in two axes. 

After creation of the defect most of the cardiac venous blood flowed into 
the left atrium by gravity. This reduced or eliminated the need for aspirating 
cardiac venous blood from the operative field. Physiologic saline solution was 
continuously injected into the left atrium in an attempt to displace air from 
the left atrium and so prevent fatal air embolism of the coronary arteries. 

The previously fashioned pericardial graft was then placed over the defect 
and secured to the cephalad margin of the opening by two interrupted 00000 
Deknatel silk sutures placed on each side of the graft (Pig. 2, C). The free 
inferior edge of the graft was easily manipulated by two previousb' placed 
sutures. The free extremity of the graft ivas then drawn upward and cephali- 
cally, and the cephalad margin of the defect sutured to the under surface of 
graft with a continuous suture. The graft was then replaced over the defect 
and two interrupted sutures were placed, one on each side of the graft, fixing 
it to the caudad margin of the defect. The graft was then fixed to the margins 
of the defect by three continuous sutures connecting the previously placed 
interrupted sutui'es (Fig. 2, D). In the first six experiments the pedicle was 
divided close to the cephalic suture line after the graft had been sutured to the 
margins of the septal defect. An attempt was then made to aspirate air trapped 
beneath the graft in the left atrium by means of a needle inserted through the 
suture line. 

The incised wound in the wall of the right atriiuu was closed by a con¬ 
tinuous suture. Aspiration of the cardiac venous blood was discontinued before 
complete closure so that the right atrium would fill with blood. Small pledgets 
of Gelfoam saturated with thrombin solution were sutured over the atrial wound. 
The ligatures about the venae cavae were divided thus returning a part of the 
total blood flow to the animal's heart and lungs. The lungs were insufflated 
with the respirator. The tubes leading to the extracorporeal circuit were 
clamped The venous cannulae were removed and the azygos vein and right 
axn-ieular appendage ligated. The arterial cannula was removed and the femoral 

artery ligated. 
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Fiff. 2.—Alethod for closure of mteratiial septal defects under diiect vision with the 
assistance of an extracorporeal punip-oxj-ffcnator. A, Placement of ligatures around the 
venae cavae and azygos vein. Alaking the pericardial graft. B, The systemic venous return 
to the heart has been diverted by means of the cannulae placed within the venae cavae. - The 
proposed line of incision in the right atrial wall is shown and the vent for the left ventricle 
has been establislied. C, Tlie interatrial septum has been widely exposed and the sutures 
approximating the graft to the upper margin of the defect are shown. O, Tile graft has been 
completely sutuied to Uie interatrial septal defect. The proposed line of division of the pedicle 
IS shown. 
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injected intnivenously until the eoaj^ulatioii time of the blood liad approaelied 
■A normal value. The animals reeeived dOO.OOO units of proeaiiie penicillin am 
O.'in Gm. of streptomycin intramu.se\ilarly foliowine: llie operation. Antibiotic 
therapy was continued for live to ten days postopcrativcly. All wounds healed 
per i>rimani. 

In the next group of seven dogs, a vent was established in the left ventricle 
to permit removal of air and blood during the production and repair of the 
interatrial septal defect. In two dogs a plastic cannula was inserted through the 
left ventricular wall in the angle between the cireumllex and anterior deseend- 
ina branches of the left coronary artery. Blood and air escaped from this vent 
during the time the left ati'ium was open to the atmosphere. The blood ac¬ 
cumulating in the pleural cavity from this vent was aspirated and returned to 
the extracorporeal circuit. This type of vent proved to be unsatisfactore and 
in the remaining five dogs a stab wound was made in the apex of the left 
ventricle and a small bore Tygou tube inserted into the chamber for a distance 
of approximately 3 cm. The tube was inserted into the left ventricle before the 
right atrium was opcitcd, but after the vei\ac eavac had been tied over the 
cannulae. The cardiac venous blood passing through the pulmonary circulation 
was thus removed from the left ventricle and diverted to the extracorporeal 
circuit. Once the vent had been established in the left ventricle, the right atrium 
could be opened and the interatrial defect created and repaired without danger 
of air embolism in the systemic arteries. AVhile the communication between 
the two atria existed, bubbles of air coidd be seen passing through the Tygon 
tube leading from the left ventricle. After repairing the septal defect with 
the pericardial grafts, the right atriiun was closed as described above. The 
ligature around the superior vena cava was then dimded and the tube connect¬ 
ing the cannula in the superior vena cava to the extracorporeal circuit was 
clamped. The blood from the supeiior vena cava was returned to its natural 
eoui-se through the heart and huigs and washed out through the left ventricular 
vent any air trapped in the left side of the heart. When bubbles were no longer 
seen in the tubing leading from the left ventricle, the Tygou tube was removed 
and the stab wound in the apex of the left ventricle closed with interrupted 
sutures. 

OPER.VTIVE RESULTS 

A. Without Left Ventricular Vent .—Interatrial septal defects were pro¬ 
duced and repaired by the technique just described in seventeen dogs without 
establishing a left ventricular vent to avoid air embolism. Eleven animals sur¬ 
vived the perfusion and operative procedure. These animals were sacrificed be¬ 
tween t and 157 days after operation (Table I). 

Ill two iiistanees (Dogs 524 and 527), air embolism of the coronarv arteries 
occurred during the repair of the defect. The left coronary artery was com¬ 
pletely ffled with air and ventricular fibrillation occurred. Attempts' at removal 
of the air by needle aspiration were unsuccessful. Consequentlv, the terminal 
portion ot the anterior descending branch of the left eorouarv and mai-inal 
branch of the right coronary artery were divided near their points of terndna- 


608 




.MILLKK ET AE.: 


PRODUCTION* AND REPAIR 


OP INTERATUlAIi DEPECTfj 


GOi) 


tion and the coronary circulation iierniittcd to pump itself free of air. The 
cut ends of the arteries were then ligated after the septal defect had been 
repaired and air could no longer he .seen in the coronary arteries. Normal 
rhythm was establi.shed in Dog r)24 by injection of 2 ml. of a 10 per cent solution 
of calcium chloride. A defihrillating shock was nccc-ssary in addition to calcium 
chloride in order to establish normal rhytlim in Dog d 27. Conlinuoiis massage 
was not necessarv since the extracorporeal circuit maintained adeipiate swstcmic 
blood pressure and coronary circulation. 

Dogs 499 and 52C died within ten hours after operation. Aiitop.sy revealed 
lai’ge amounts of blood in the pleural cavities of both animals. Dogs 503, 506, 
and 523 died during the ojicrative procedure from ventricular fibrillation re¬ 
sulting from air embolisin of the coronary arteries. Dog 522 was alive twent%- 
four hours after perfusion. An iiitramii.scular injection of nior])hine sulfate 
was given because the dog was restle.ss and howling. The dog died fifteen minutes 
after the injection. 

B. With Left VentricnUir Vent .—A left ventricular vent was established 
before the produetiou of the iuterafrial septal defect in seven dogs (Table II). 
In Dogs 529 and 530 the vent was placed in the angle between the circumflex 
and the anterior descending branches of the left coronary artery. In the re¬ 
maining five dogs, a Tygon tube was placed within the left ventricle through a 
stab wound in the apex. Air embolism of the coronary arteries did tiot occur in 
any of these seven dogs. Four dogs died within twenty-four hours after opera¬ 
tion. At autopsy a large amount of blood was found in the pleural cavities of 
aU four dogs. Death was presumed to be due to uncompensated postoperative 
blood loss. 

RESULTS AT AUTOPSY 

All surviving dogs were sacrificed. The septal defects were completely 
closed in all animals. Grafts observed within twenty-four hours following 
repair were covered with a thin layer of fibrin (Fig. 3, .4). Three weeks 
after operation the graft was firmly united to the margins of the defect, and all 
surfaces and suture material were covered with smooth glistening endothelium 
(Pig. 4, A and B). Histologically at this time there was very slight inflamma¬ 
tory reaction and beginning fibroplasia (Pig. 4, C). At the third and fourth 
month healing was complete (Pig. 5, A, B, and C) and (Pig. 6, A and B). The 
pericardial pedicles in Dogs 497, 498, 501, and 502 were contracted fibrous 
cords which obviously contributed nothing to the vascular nutrition of the gi-aft. 
None of the free grafts were necrotic and none failed to unite with the mar<Tins 
of the defect. “ 

Interatrial septal defects were created, but not repaired, in five control 
animals. After establishing a vent in the left ventricle, the right atrium was 
opened and a portion of the interatrial septum excised. The defects were all 
greater than 1 cm. in at least one axis. The wound in the right atrium was then 
sutured. It was always necessary to re-establish complete blood flow through' the 
heart before all air could be displaced from the left ventricle through the 
ventricular vent. ^ 
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Fig* 3—T\\enty-four liouis after repair of interatrial septal defect uith free graft A, Vie'\\ 
fioni left atrium B, View from right atrium 
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Thi'ce of these animals survived the perfusion and operative proceduic 
fTable HI) PostoperatiNcly, the soft sjstolie ninrmnr ^^lnell could he heard 
L- a few davs disappeaied and no eaidiac abnoiinalily could he determined by 
auscultation The animals wcie saeiilieed at tueiity-tliree, lorty-lour, aiu 
6£ty-onc dajs The hearts uerc not enlaritcd. There weie large, unhealed, 



Fis IC—Histologic appearance (X30) 


interatrial septal defects in all tluec dogs. The defects neie all approximately 
the same size as nhen they weie made (Table III). The margins of the defects 
were smooth and glistening in appeai'ance (Fig 7, .1 and B) 

In the U\ehe dogs in Nthicli a left aentricular Aent nas established there 
was no evident damage to the endotheliuiii lining the left ventricle. The mitral 
vah e leaflets, chordae tendineae, and papillary liiuscles within the left ventricle 
were all normal in appearance at death or sacrifice No thrombi were present 
in the left lentricular chamber and theie was no subeiidothelial eeehymosis or 
hemorrhage. 

PERFOnirAMCE OF THE APP VKATUS 

In twent 3 '-six of the tventj'-nine experiments leported here, the saturation 
of arterial blood with oxygen was 95 per cent or moie. The failure to obtain 
adequate oxj'genation in three earlj' experiments of the series (0-408, 506, and 
507, Table I) is piobably attributable to an erior in technique during establish¬ 
ment of the blood film on the seieens of the oxj'genator. 

The rate of blood floiv through the extracorporeal circuit expressed in ml. 
per kilogram of body weight of the animal per minute ivas similar to that of 
previously reported series’’ Only the uite of blood flow’ from the 
venae eavae was measured. It varied between 48 and 166 ml. per kilogram per 
minute, averaging 83 ml. per kilogram per minute. As we have previously 
pointed out, the degree of saturation of the venous blood with oxygen is prob- 



612 


THE JOURNAL OF THORACIC SURGERY 


d 

d 

® CO 

O 03 

O tfl 

" a 

r n 

•> c 




rd 

CO ^ 

« 
rC O 

00 

S-2 

S 

O buO 

.2 ^ 




HILLER EY AL.: PUOnOCTlOX AND REPAIR OP IN'l'ERATRIAL DP,PECTS ()13 



. 1 . 


B. 



■; >■■■■ • • -i:. 

Fig, 5.-~Three months after reoair nf 4. ♦ , 1 

from left atrium. View from ri|hf Vie 

rustoiogic appearance (X20). 
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ably a better index of tissue oxygenation tlian the relation of blood How to body 
weight. In these 2!) experiments the venous oxygenation saturation was between 
40 and 50 per cent in eight experiments. In two of these e.xperiments the 
oxygenator was inaderiuately saturating the arterial blood with o.xygen. In the 



. 1 . 



B. 

jpig, G.—Four months after lepair of interatrial septal defect with pedicled graft. A, View 
from light atrium. i>. Histologic appealance (X-0). 

other six instances the flow rate was probably insufficient to maintain normal 
tissue o.xygenation even though tlie arterial blood supplying the tissues w'as 
between 95 and 102 per cent saturated witli oxygon. 

With one exception (0-537, Table II) the pll of the arterial blood was main¬ 
tained at 7.3 or above. As has been shown” there is a slight tendency for hxed 
acids in the blood to increase during the course of a perfusion. This increase on 
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tlve averu-e amounts to only 3 pcv Utev. To eompensate for this increaso, 
the eai-hon dioxide tension of tlie blood is automatieally reduced thus maintaiu- 

insr the pH at a near normal level. . 

The amount of hemolysis occurring during these experiments is lower 
than in anv series we have previously reported. In four of the early experi¬ 
ments in tliis series the hemolysis was above 100 mg. per cent tree hemoglobin 
in the pla.siua. In all other e.xperiments it was well below tins level. 



A. 


B. 


Fig, 7.—Patent interatrial septal Uefect^. .-I, Forty-four tlavs after production. View from 
right airiujn. B, Fifty-one days after production. View from right atrium. 


SITM^IARY 

1. The cardiorespiratory functions of twenty-nine dogs have been main¬ 
tained by an extracorporeal blood circuit while the right atrium was widely 
opened and an interatrial septal defect created under direct vision. 

2. Tlie septal defect was not repaired in five dogs. Three of these survived 
and were sacrificed at twenty-three, forty-four, and fifty-one days. There was 
no spontaneous closure or significant decrease in size of the defects. 

3. In twenty.four of the twenty-nine dogs, after creating the septal defect, 
it was immediately closed by a pericardial graft. Foiuieen of the twenty-four 
dogs survived and were sacrificed at vaiying intervals up to 157 days. In all 
instauees the defect was completely closed, the graft weU healed and covered 
with endothelium on both sides. 

4. In twelve consecutive expei-iments a plastic tube vent was placed in the 

left ventricular chamber during the period in which the left atrium was exposed 
to atmospheric air. Air embolism of the coronary arteries did not occur in am- 
of these exiteiiments. ‘ ' 
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5. Ill the seventeen expeninents in which the left atrium was exposed to 
atmospheric air in tlie absence of a left ventricular vent, air embolism of the 
coronary arteries occurred in five dogs. Three of the five dogs died. 

6. Ventricular fibrillation occurred in the five dogs with coronary air 
embolism. It did not occur in anj' other animal. 

The authors wish to acknowledge tlie assistance of Dr. Joseph McCIoskey for iiistologic 
interpretation, and Miss Joanne Crotliers, Dr. Maria Steginanis, Dr. Alice Plume, and Miss 
Grace Small, for technical assistance. 
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AX OXYGEXATOR-PUilP FOR USE IX* TOT*VL BY-PASS 
OF HEART AX'D LUX'OS 

Labor VTOKY Evaluation and Clinical Use 

James A. Helmswokth, ILD., Lelvnd C. Cl\kk, J)l, Ph.D.® (by invitation), 
SVMUEL IVAPLVN, il.D. (BY INVITATION), AND Ro«ER T. SHERMAN, il.D. 

(BY INVITATION) 

Cincinnati, Ohio 


T he insistent challenge of surgical problems in cardiology and the potential 
application of corrective surgical nieasiivcs have stinmlatcd the search for 
nrechauical suhstitution for the lungs and heart. Although this is a pioblciu 
of immense comple.Nity, the earlier progress by several investigators*'* has raised 
the hope that extracorporeal o.xygcnation and circulation can eventually be 
successfully employed in surgical cardiology. Results obtained through initial 
experiments rvitli the Clark heart-lung apparatus hare encouraged further in¬ 
vestigations along these lines. 

In experiments described in this report, it rvas not jirimarily planned to 
obtain long survival of the animal subjected to extracorporeal oxygenation and 
eirculation. The first objective in this scries rvas the continuation of laboratory 
evaluation of the Clark oxygenator-pnnip. rvith special referenee to its 
efficiency in the processes of oxygenation and the elimination of carbon 
dioxide. The second objective rvas to acquire further experience in opening 
the cardiac chambers rrhile the animal’s functions of respiration and circula¬ 
tion are being carried out by this artificial means, that is, in the period that 
has been referred to as the interval of total hy-pass of the heart and hings. It 
rvas in the pursuit of this second objective that several new problems became 
apparent, and these unexpected developments necessitated a succession of 
modifications in the method of the experiment. Ilore than that, these unexpected 
results had the fundamental effect of altering somervhat the hopeful anticipa¬ 
tion of successful surgery in the rvidelr- opened and “bloodless” heart. 

In the final part of this presentation a report is given of the clinical ap¬ 
plication of this machine. A complex defect in the cardiac septa rvas cor¬ 
rected by a direct operative procedure through a right auricular cardiotomj'. 
A full description of problems associated rvith this ease is given. It is believed 
that the publication of certain inhei-ent difficulties involved will be of assist¬ 
ance to those who are engaged in surgical research in cardiology. 


Surgerj-. SanVrancisco^CaUL.'*March Ill.^sIfanU 30. IsFs. -Association for Thoracic 

Human^D'e^SpmenL’’'' B.ochemistrj- of the Fels Institute for Research in 
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JIETHOD 

of the details of these cxperinieiits were exactly as described in an 
earlier publication/ and therefore onh' the significant innovations are given 
here. There -was a much wider variation in body weight of the dogs. The 
lightest was 2.6 kilograms and the heaviest 23.2 kilograms. Pyi'ibenxamine was 
niclnded in the agents for preniedication in every instance. Observations on 
body temperature u’ere made by means of an esophageal thermometer, and 
the range was 27.8° C. to 32.5° C. during the period of total bj^-pass. 
Pentothal Sodium solution was used as the anesthetic agent in the latest 
studies. A polarograjjh^ was employed to detect changes in the oxygen ten¬ 
sion in various tissues, most frecpientl)’' in the musculature of the neck and the 
thoracic wall. 

The S 3 "stem of cannulation for the drainage of the systemic venous blood 
did not include the L-shaped cannula employed in earlier experiments. The 
superior vena cava was drained bj' means of a plastic tube with multiple 
perforations, which was passed down through the right jugular vein. The 
inferior A'ena cava was drained bj-^ two similar catheters with multiple perfora¬ 
tions. These latter instruments were inserted and passed upward through the 
femoral veins.' Complete occlusion of the venae cavae was obtained by liga¬ 
tion of these vessels at the level of their junction with the right auricle. 

Heparin was the onlj" anticoagulant employed, and protamine was given 
at the conclusion of each experiment. The dose of the anticoagulant Avas 
determined by calculation from the estimated blood volume of the subject 
animal and the volume of blood required to fill the extracorporeal system; 
the calculated amount Avas 20 mg. of heparin per 1,000 ml. of blood. A simple 
protamine titration Avas carried out to determine the amount of this agent 
necessary to reverse the heparin effect at the conclusion of extracorporeal 
circulation. 

Both femoral arteries Avere eaunulated for the return of arterialized 
blood into the animal from the machine. Filters emploA’ing 325 mesh stain¬ 
less steel screens, Avith a baked silicone coating, Avere inserted in the arterial 
line betAveeii the pumping chamber and the animal. (The filters Avere not used 
m CAmiy experiment since their eff’ectiA-eness has not been fully established.) 
The sj^stem of cannulation for the AvithdraAval of the coronaiy Amnous return 
to the right half of the heart underwent some eAmlution during the study. 
The exposure gained through Avide opening of the right auricle made eannula- 
tion of the coronaiy sinus a simple matter. IIoAvever, there Avas often a 
relatiA'elj' large Amlume of blood that I’eturned A-ia the several anterior cardiac 
Amins,® and, to deal Avith the problem raised therebjL it Avas necessary to alter 
the system. This Avas accomplished by the deA'elopment of a suction tube Avith 
a rounded, closed end and a single lateral opening near the tip. (Even if the 
lateral opening is occluded by an endocardial surface, the suction applied 
through this tube may never exceed 10 em. of Avater.) This suction instrii- 
inent ^Avas inserted through the tricuspid valve after the auricle had been 
opened. The application of suction in the chamber of the right Amntricle 
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nccomplishecl uunY' complete removal oC the blood from the coronary Evslom. 
That is to say, coronary blood returning to the right auricle gravitated 
through the open tricuspid valve into the ventricle, and the additional trac¬ 
tion o£ the coronary venous .system drained by the Thebesian vessels into that 
chamber ivas also withdrawn hy the aspirator. Ihe complete unit i'ov the 
colleetion of coronary venous blood was attached so that it seined as a 
tributary to the inlet (venous) side of the extracorporeal circuit. 


OBSERVATIONS ON OXYGENATION AND ELIMINATION OE CARBON nlOXIBE 

There was a rapid reduction in body temperature of the dogs in the first 
quarter hour of "totaT’ extracorporeal circulation. Observations on the 
oxygen content of samples of arterial and venous blood must be carefully 
interpreted with consideration of the existing hypothermic state. 

The output of the mechanical heart, that is, the flow rate, is given in 
Table I. Xo difficnlty was encountered in draining the venae eavae, and a 
free flow of venous blood was obtained away from the dog and into the extra¬ 
corporeal eircuit. (An increase in the suction required for venous pickup was 
invariably an early sign of the need for a small blood transfusion.) The 
criteria considered important in the control of this aspect of the experiments 
were the maintenance of the mean arterial pressure within a physiologic range 
and continual oxygenation which would ensure at least 90 per cent saturation 
of the stream returning from the apparatus into the animal. Therefore, Avhen 
these criteria were satisfied, no additional effort was considered necessary 
to attain an arbitrary value for flow rate (cubic centimeters per minute per 
kilogram). 


The deterniiuatioii of oxygen and carbon dioxide in blood samples was 
carried out in IS experiments. The venae eavae were completely obstructed 
for sixty minutes and ai'terial and venous blood samples were drami during 
this hour, as well as before and after it. The oxygenation that was accomplished 
in the extracorporeal apparatus is shown graphically in Pig. 1. Prom this 
it was apparent that there u as no marked change during the hour of artificial 
oxygenation in the oxygen .saturation of arterial samiiles from the animals. 
The per cent saturation remained in the range of 90, -whieli -was the approxi¬ 
mate level of control A'alues. Additional pertinent data are listed in Table I. 
The ammaTs body temperature and corresponding machine floM’ rates are cor¬ 
relative factors. An expression of oxygenation is given by the mean value 
of 3.67 e.c. per minute per kilogram of body weight. 


The elimination of carbon dioxide in the extracorporeal circuit is shown 
in Fig 2. The carbon dioxide content of arterial and venous samples varied 
somewhat m the pre-by-pass controls. There was no aeeiuiuilation of carbon 
^oxide durmg the one-hour interval of eaval occlusion. (Siipplementavv 
data_ are given m Table I.) Another measure of the elimination of carbon 

wei-M of animal 
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AIETHOD 

Many oi the details of these experiments were exactly as described in an 
earlier publication,' and therefore only the significant innovations are given 
liere. There was a much wider variation in body weigJit of the dogs. The 
lightest wa.s ' 2.6 kilograms and the lieaviest 20.2 kilograms. Pyribenzamine was 
included in the agents for premedication in every instance. Observations on 
body femiieratnre were made by means of an esophageal thermometer, and 
the range was 27.S'^ C. to d2,5'^ 0. during the period of total by-pass. 
Pentothal tSodiuiu solution was used as the anesthetic agent in the latest 
studios. A polarograph" was employed to detect changes in the o-xygen ten- 
.sion in various tissues, most fret(Uently in the musculature of the neck and the 
thoracic wall. 

The system of eannulation for the drainage of the systemic venous blood 
did not include the l.-.shaped cannula employed in earlier experiments. The 
superior vena cava was drained by means of a plastic tube Avith multiple 
Itei'forafions, ivliich tvas passed down fhroiigdi tlie right jugular vein. The 
inferior vena cava was drained by two similar catheters with multiple perfora¬ 
tions. These latter instruments were inserted and passed upward through the 
femoral veins.' Complete occlusion of the venae eavae was obtained by liga- 
tioti of these vessels at the level of their junction with the right auricle. 

irepariu was the only anticoagulant employed, and protamine was given 
at the conclusion of each experiment. The dose of the anticoagulant Avas 
determined by calculation from the estimatetl blood volume of the subject 
animal and the volume of blood required to till the extracorporeal system: 
the calculated amount Avas 20 mg. of hejtarin jier l.OOO ml. of blood. A simple 
protamine titration Avas carried out to determine the amount of this agent 
necessary to reverse the heparin elYect at the conclusion of extracorporeal 
circulation. 

Both femoral arteries Avere cannulated for the return of arterialized 
blood into the animal from the machine. Filters employing mesh stain¬ 
less steel screens. Avith a baked silicone coating. Avere inserted in the arterial 
line betAveeu the pumping chamber and the animal. (The filters Avere not used 
in cA'eiy experiment since their etfectiveness has not been fully established.) 
The system of eannulation for the AvithdraAval of the coronary venous return 
to the right half of the heart underAvent some CA-olution during the study. 
The exposure gained through Avide opening of the right auricle made cannula- 
tion of the coronarj' sinus a simple matter. PIoAvever. there Avas often a 
relatively large A'olume of blood that returned via the several anterior cardiac 
A'eins,® and, to deal A\-ith the problem raised thereby, it Avas neeessaiy to alter 
the sj’stem. This aa^s accomplished bj’^ the deA-elopment of a suction tabe AA'ith 
a rounded, closed end and a single lateral opening near the tip. (Even if the 
lateral opening is occluded by an endocardial surface, the suction applied 
through this tube may neA^er exceed 10 cm. of Avater.) This suction instru¬ 
ment "vas inserted through the tricuspid valve after the auricle had been 
opened. The application of suction in the chamber of the right ventricle 
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aeeomplishocl more eompletc removal of the blooil from the eoronary system. 
That is to say. eoronary blooil returning to the right auriele gra\itatetl 
through the open trieiispiil valve into the ventricle, and the additional frac¬ 
tion of the coronary venous system drained by the Thebesian vessels into that 
ehamber was also withdrawn by the aspirator. The complete unit for the 
collection of coronary venoms blood was attached so that it served as a 
tributary to the inlet (venousl side of the extracorporeal circuit. 


observations on O.XYGENATION and ELIMIN.VTION OF CARBON DIOXIDE 


There was a rapid reduction, in body temperature of the dogs in the first 
quarter hour of "total” extracorporeal circulation. Observations on the 
oxysren content of samples of arterial and venous blood must be carefully 
interpreted with consideration of the existing hypothermic state. 

The output of the mechanical heart, that is. the flow rate, is given in 
Table I. Xo difficulty was encountered in draining the venae eavae, and a 
free flow of venous blood was obtained away from the dog and into the extra¬ 
corporeal circuit. (An increase in the suction required for venous pickup was 
invariably an early sign of the need for a small blood transfusion.) The 
criteria considered important in the control of this aspect of the experiments 
were the maintenance of the mean arterial pressure within a physiologic range 
and continual oxygenation which would ensure at least 90 per cent saturation 
of the stream returning from the apparatus into the animal. Therefore, when 
these criteria were satisfied, no additional elfort was considered necessary 
to attain an arbitrary value for flow rate (cubic centimeters per mmute per 
kilogram). 

The determination of oxygen and carbon dioxide in blood samples was 
carried out in IS experiments. The venae cavae were completely obstructed 
for sixty minutes and arterial and venous blood samples were dramt during 
tins hoiu", as well as before and after it. The oxygenation that was accomplished 
in the extracorporeal apparatus is shown graphically in Fig. 1. From tliis 
it was apijareut that there was no marked change during the hour of artificial 
oxygenation in the oxygen saturation of arterial samples from the animals. 
The per cent saturation remained in the range of 90. which was the approxi¬ 
mate level of control values. Additional pertinent data are listed in Table I. 
The animal’s body temperature and corresponding maclune flow rates are cor¬ 
relative factors. An expression of oxygenation is given by the mean value 
of 3.67 c.e. per minute per kilogram of body weight. 


The elimination of carbon dioxide in the extracorporeal circuit is shomi 
in i-ig 2. The carbon dioxide content of arterial and venous samples varied 
somewhat m the pre-by-pass controls. There was no aeeiunulation of carbon 
choxide diirnig the one-hour interval of caval occlusion. (Supplementarv 

ffio^de IS the mean value or 2.99 c.c. per minute per kilogram of animal 
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CARDIOTO.MY (ruJUT AND LEFT AURJCUE) DURING “COAIPLETE" BY-PASS 

The oxygenator-pump which Avas Xoiiud to he an efficient mechanical sub¬ 
stitute for the lungs and lieart in laboratory experiments has made visual cx- 
jiloration ol' the cardiac cliambers of dogs a fcasilile procedure. A long incision 

K/tr. 1 . 


OXYGEN 



MINUTES 


CARBON DIOXIDE 



v.sr 1 _OwKCii $atuiation of arteual anil \enous samples (luiinjr total by-pass. Each 

eelumn represents an average of 3 to 5 analyses of samples Uiawn before and following the 
??tTbv Msf Tire columns in the interval of by-pass lepiesent an averag-e of from 5 to 1- 
on^alvsM ^ The fl^gure leoords the analyses of 1U5 samples (53 arteiial and 53 venous). 

Ts 2 ■> r-irhon dioxide content of aiterial and venous samples during total by-pass. 
T. 1 ^‘f;.,mrSDrSits an avciage of 3 to 5 analyses of samples drann befoie and following 
Each colunm rep columns in the interval of by-pass lepreseiit an average of 5 to 11 

analy°ses. The Siuie recom%ie analyses of lOf samples (53 a.terial ami 53 venous). 
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Table I. Flow Hates, Oxyoenatiox asd Carbon Dioxide Determination 


WEIGHT OF 
DOG 
(KG.) 


ll.-l 

14.5 

13.2 

8.6 

16.0 

12.0 

10.0 

11.1 


23.2 

10.0 

16.3 

11.4 
15.0 

14.1 

.3.9 

3.39 

2.6 


body 

temperature 

("centigrade) 


TIME AFTER 
START OP 
TOTAL BY-PASS 
(MINUTES) 


27.8 

27.5 

30.3 

30.5 
31.0 
28.1 
32.0 

31.5 
31.2 
31.0 

32.4 
32.0 

31.2 

29.7 

29.5 
29.0 
31.4 

30.8 

29.6 
32.0 
32.0 

29.8 
29.6 

28.2 
28.0 
31.1 


9 

27 

15 

45 

29 

35 

25 

45 

41 

44 

17 

35 

56 

48 

53 

61 

15 

10 
48 
14 
39 
45 
59 
35 
33 
11 


FLOW 
(C.C. PER 
MINUTE PER 
KG.) 


79.8 

91.2 
98.6 

98.6 

98.3 

97.7 

97.5 

87.5 
105.0 

90.0 

118.9 

108.1 

118.9 
103.4 
103.4 
144.0 

88.3 
88.3 

126.3 

86.7 
91.0 
92.2 

kil 

135.9 

129.8 
84.6 


oxygenation 
(C.C. PER 

minute per 
kg.) 


1.84 

3.47 

3.35 

2.47 

2.36 

3.61 
4.64 

3.47 
3.06 
4.99 
3.24 
3.57 

3.62 
3.00 
4.46 
3.71 

4.15 

3.16 
4.77 
3.19 
1.94 
2.30 
5.03 
4.80 
5.33 


CO. 

ELIMIN.\TlON 
(C.C. PER 
MINUTE PER 
KG.) 


2.39 

0.18 

1.48 

1..07 

2.46 

3.52 
3.9 
4.55 
5.15 
2.97 
1.66 
4.54 
3.57 
1.76 
4.14 
3.31 
3.62 
3.71 

1.52 
3.73 
3.37 
3.50 
2.12 
4!2i 
2.60 
1.78 


Mean 


102.2 


3.67 


2.99 


extending from the base of the right aiiricvilar appendage to the insertion of 
the inferior vena cava was made in 8 dogs. Witli total occlusion of both eavae, 
tlie lowest portion of tlie right auricle was still n.snally flooded by the volume of 
venous return from tiie coronary sinus, from tlie anterior cardiac veins, and 
from other coronary venous channels draining into tliat chamber. The volume 
of this fraction of the coronary A’-enous return was estimated in several ex¬ 
periments. The results given in Table II do not represent an accurate measure¬ 
ment of coronary blood flow, they serve only as a quantitative expression of 
this characteristic of the opened and by-passed heart, an aspect not sufficiently 
emphasized heretofore. In every instance, tliis volume of coronary venous blood 
was large enough to disappoint greatly the surgeon who had been expecting to 
operate in a “bloodless” field ivithin the heart. 

Incision of the ivall of the right auricle did not alter the contractions of 
the left auricle or the ventricles. The blood wHcli drained from the coronaiy 
sinus often shot into the loiver part of this aurievdar chamber in jets synchronous 
with A^eiitricular systole. This fraction, togethei' with the other iiortions of 
coronary venous return, rapidly coursed over the lower rim of the tricuspid 
orifice into the right ventricle. The stream of blood gravitating down the 
dependent portion of the auricle and over the tricuspid rim was necessarily 
turbulent. This activity caused the niLxture of some air ivith the blood, to 
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foTiii bubbles ivliich were swept along into the right ventricle. It was clear 
that this hazard of bubbles in the right ventricle accompanied every extensive 
right auricular carcliotouiy. 


T-iBLE II, Volume or COKOX-Utr Vexous Blood Dkaixed Pkom Ope.ved IlE^utT Bukixg 

“Total Bv-P.iss" 


WEIGHT ^ 
OF DOG , 
(KG.) 1 

i 

1 

MEAN j 

AKTEDlAli 1 
FHESSlTliE 
(MM. IIG) I 

I liODV ^ 
ITE.MPEKA-I 
1 TURL , 
1 (°CEXTI-i 
(!R.U)E) 1 

AKTEiilAL , 

0 . 

(% , 
SATEJM- j 
' TIOX) 1 

1 

rvL- 

f AKTEKV 1 

.VOKTA 

AUKICtr- 1 
DAK 1 

SEPTUM 1 

MAXEAtUM 

VOLUME 

COIiO.VAliV VEXOUS 
BLOOD 
ASPIRATED 
(% TOTAL 
' MAt'IUXE OUTPUT) 



Aspiration of Coronary Hiniis 



s.o 

S5 

2S.6 

200 

Open 

Open 

Intact 

10 ( 1.199J) 

13.2 

.05 to 115 

2S.1 


Open 

Open 

Intact 

25 ( 2.66%} 


* 

1,‘ipiration of Dependent Portion of Piyht Auricle 


12.0 

SO to 120 

31.5 

.<)5..0 

Open 

Open 

In tact 

60 ( 4.ro<%) 

10.0 

95 to 105 

32,0 

100.0 

Open 

Open 

Intact 

25 ( 2.5 -re) 

14.3 

SO 

32.5 


Open 

Open 

Open 

12.5 ( 1.3 %) 

13.0 

05 to 70 

31.S 


Open 

Open 

Intact 

40 ( 3.3 %) 


73 to 75 

31.1 



Clo.«e(l 

Intact 

7 ( 0.5S9fe) 


70 to 75 

30.7 


Open 

Open 

Intact 

240“ (18.1 %) 



Aspiialion of liiyht f'cntiiclc 



23.2 

60 to 120 

SO.l 

91.S 

Open 

Open 

Intact 

333 (13.9 

10.0 

SO to 94 

30..3 

94.0 

Open 

Open 

Intact 

TS ( 5.0 yc) 

16.3 

65 to so 

31.6 

94.0 

Open 

Open 

Intact 

200 (13.9 %) 


SO 

30.6 

9.3.8 

Open 

Open 

Intact 

2S0* (20.0 %) 

11.4 

70 to 100 

29.0 

95.0 

Open 

Open 

Intact 

190 (13,2 %) 

15.0 

40 to 100 

.32.5 

rr.o 

Open 

Open 

Intact 

170 (l3.1 */c) 

14.1 

SO to 150 

30.0 

81.1 

Open 

Open 

Tnt.'ict 

140 (10.8 %) 

2.6 

To to SO 

30.1 

108.8 

CloM'd 

Closed 

Intact 

26 (10.3 951 

4.9 

100 

29.,S 


Clown'd 

Clo.sed 

Open 

40 (13.3 %) 


•Measurements taken during ventricular flbriliation. 


The technical problems were increased still further by excision of the 
interaurieular septum. This was so because, following the excision, the 
turbulent How of blood and resultant air embolism involved the left half of 
the heart as well. The entire interaurieular septum was removed and the two 


auricles were converted into a snigle, wide-open chamber in 8 dogs. The 
coronary venous inflow of the right auricle ivas admixed immediately with 
the richly oxygenated blood of the left auricle. The contents of the left amide 
consisted of venous drainage fi'oni the bronchial vaseuhir system, since the 
pulmonary artery flow had been interrupted and there was no patent ductus. 
Fractional measurements were not possible, but the volume of bronchial 
arterial flow which returned via the pulmonary veins was surprisingly laige 
and could not be disregarded. However, this inerement of ‘‘venous blood” to 
be drained away from the “totally by-passed” heart was the lesser of the 
complications which followed excision of the aui-ieular sejitum. The blood in 
the active left aui'ide was soon mixed with air, just as had occurred in the 
right auricle, and it was hut a short lime until this air-blood mixture had 
coursed through the mitral valve and out into the aorta. 

This description indicates the two principal iiroblems encountered upon 
opening the right or both auricles. The first was the efficient drainage of the 
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venous blood of the intrinsic (coronax'y) cardiac circulation. The second was 
the admixture of air and this intrinsic venous blood with resultant aii em¬ 
bolization. The following steps were taken successively in an effort to solve 
these problems. The first problem, the excessive volume of coronary venous 
return to the right side of the heart, was dealt with initially by catheter 
drainage of the coronary sinus. In several animals, however, the coronalj le- 
turn through vessels other than the coronary sinus comprised so large a volume 
that the auricle was inadecpiately emptied by simple coronary sinus drainage.®’ 
The next method that was tried for emptying tlie right auricle was continuous 
suction ill the dependent portion of the chamber. At that stage in the evolution 
of the procedure, the hazard of air embolism became more apparent and a further 
modification in method was tried. This was to maintain continuous suction in the 
right ventricle by means of one of several different glass and plastic catheters, 
wliieli served to withdraw the coronary venous blood. It also prevented the pro¬ 
pulsion of air emboli into the pulmonary artery, since the pressure in the right 
ventricle was reduced by continuous suction and the instriunent separated the 
leaves of the tricuspid valve. The ••blind" cannulation of the chamber through 
the tricuspid was somewhat hazardous because of the possibility of trauma to the 
endocardium. In addition to this risk, it was soon noted that no matter what 
aspirating device was employed for that purpose, it added to the complexity of 
a restricted operative field. 

An alternate procedure whieli lacked these disadvantages was tempoi^ary 
occlusion of the pulmonary artery. This vessel was occluded by means of a 
ligature just beyond the pulmonic valve. After occlusion, an incision was made 
before the auricle became overdistended with coronary venous return. Satis¬ 
factory emptying resulted after the aspirator was placed in the dependent por¬ 
tion of the auricle. There was some regurgitation througli the tricuspid valve 
during the period of pulmonary artery occlusion, but embolism of air into that 
vessel was effeetivel.v prevented. 


As has been mentioned, removal of the interauricular septum exposed the 
major circulation to the hazard of air embolism. This complication was not 
prevented by continuous aspiration of the bronchial and coronary venous blood 
from the dependent portion of the left auricle. Frecpiently a mixture of air 


and blood passed the mitral valve and soon appeared in the coronary arteries. 

After failure of this first measure, the next method tried was that of total 

occlusion of the aorta. Obstruction of the aorta at the lowest level of its extra- 

eardiac portion prevented propulsion of air emboli into the major circulation. 

Closure of the aorta, however, interrupted the filling of the coronary arteries 

from the arterial stream of the extracorporeal circuit. It is true that in some 

dogs the coronary circulation could be maintained, despite iuterriiption of flow 

along the ascending aorta, if the bronchial system of arteries and veins were to 

return an adequate voliune of blood to tlie left half of the heart. In several do-s 

ni the present senes, however, this bronchial cii’euit did not siipplv a volume 

adequate for coronary filling, and complete closure of the aorta produced 

serious changes in the color and tone of the myocardium after onlv two to tlu-ee 
minutes. • nuce 
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Failure of this second inetliod led to the trial of a third precaution against 
the development of air embolism. The aorta was catheterized with an additional 
plastic tube of small diameter. The tip of this instrument was localized just 
above the aortic valve, thus serving as a special channel for the return of 
arterialized blood from the apparatus to tlie proximity of the coronary orifices. 
An adequate flow of arterial blood into the coronary circuit was thus assured, 
and the aorta was then oceluded in its ascending portion by ligation and com¬ 
pression of its walls around the central catheter. The mixture of air and blood 
which passed through the miti'al valve irom the opened imricles was rapidly 
ejected bj’" the ventricle, and shortly thereafter air embolization of the coronaiy 
arteries was again aijparent. Tins method had maintained coronaiy artery 
filling by means of the separate axial catheter from the machine. It failed, how¬ 
ever, to prevent the ventricle from ejecting blood, with air admixed, into the oc¬ 
eluded root of the aorta. Thus tlie problem of air embolism remains unsolved; 
but there is no reason to accept it as an unpreventable hazard, inasmuch as 
several obvious methods for tlie iirevention of air embolism have not yet been 
given adequate trial. 

The drainage of blood from the open cardiac chambers may be accomplished 
with less difficulty because of the unique capacities of the Clark apparatus. 
These are the coalescence of bubbles and the continuation of pumping with¬ 
out interruption, despite the entrance of rapidly varying volumes of blood 
into the venous side of the circuit. These qualities of the machine make it 
appear now that the withdraival of a large volume of blood from the opened 
(and totall.y by-passed) heart can readily be accomplished. What is more 
important, this volume of blood from the intrinsic (coronaiy) and bronchial 
circulations can be channeled directlj' into the extracorporeal circuit, so that 
the effect of an even brief reduction in the volume of extrinsic circulation is 
entirelj’" iirevented. 


CLINIC.VL USE OF THE OXYGENATOR-PU.MP 

The patient, a 4-j-ear-old wliite boy, liad been under medical observation most of Ids 
life. Several weeks after birtli, a bulging deformity was noted in the preeordial area. In 
his first year there were severe infections of tlie respiratory tract, one of them developing 
into bronchopneumonia which necessitated hospitalization. There were similar episodes in 
the patient’s second and third years, and during that period one of the infections was 
complicated by congestive heart failure. Following that, he continued on 0.5 mg. of 
digitoxin daily; his exercise tolerance became so poor, however, that in his fourth year he 
could walk only about 25 yards. He slept poorly because of orthopnea and a persistent, 
nonproductive cough. 

The boy’s weight was 12 kilograms, his height 95 cm., and ho appeared to have been 
chronically ill. His jugular venous pressure was elevated to 5 cm. above the sternal angle; 
and the liver edge, which did not pulsate, was 6 cm. below the right costal margin. Blood 
pressure was 94/50 mm. Hg in both arnm and 110/60 in both legs, and the pulsation of the 
femoral arteries was normal. 

The precordial area bulged markedly and the apex was in the sixth left intercostal 
space in the anterior axillary line. A coarse systolic thrill was palpable down the left 
sternal border and a grade 4 systolic murmur was audible over the prccordium and the back. 
The second sound was widely split, but there was no diastolic murmur. 
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Fx'imiuatioii of tUo neripUeral Wood, urine, and erythrocyte sedimentation rates gave 
I , The oloctrocardiof'ram revealed incomplete right bundle branch block. 

total blood rolunie uas estimated to be 990 c.c. 


Fig. 3.—Position of patient on table, and location of posterolateral incision. 

Cardiac catheterization five months prior to surgeiy gate the folloning results; 

Fressute 

Pulmonarj' artery 92/38 mm. Hg 

Eight ventricle 92/10 

Eight auricle (mean) 10 

Superior vena cava — 

Peripheral arterial oxygen saturation was 97 per cent; the cardiac output, 5.S liters 
per minute; the calculated left-to-right shunt, 3.1 liters per minute. The working 
diagnosis was a defect in the interauricular septum, and surgical closure was planned 
because of the precarious condition of the child. 

The patient was anesthetized with Pentothal Sodium solution, following which 
o.xygeu and ether were given through a closed endotracheal system. A moderate cooling 
effect was obtained by applying bags of cracked ice, and the operation was begun after 
the rectal temperature had been reduced to 90° F. The incision employed and the initial 


0. content 

11.8 vol. % 
11.7 vol. % 

11.9 vol. % 
10.0 vol. % 
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^—Evposuie of lifflit atiuim, the subclavian arteiy and azygos vein foi catheterization 
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s:‘r 



Fig. 6.—Oj-ygenator-pump showing attached \enous pickup catlieters and channel for return 

of blood into aorta, 

azygos vein and upward along the full length of the superior \ ena cava. The channel for 
return of arterialized blood was a single plastic cannula, which was inserted through the 
subclavian artery and advanced until its tip was in the ascending aorta (Fig. 5). 

The entire extracorporeal system was tilled M ith blood, and care was tahen to 
ensure complete replacement of all that had been lost up to that stage of the operation. 
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Tluee units of decalcified blood* (approximately 1,200 c.c.) and one unit of blood 
collected in the standard manner with ACDt were used for this. Fig. 0 gives in 
diagrammatic form the complete extracorporeal circuit and its attachments to the vena 
cavae and the aorta. 

Extracorporeal circulation was started and the ilow rate slowly accelerated, so that 
after ten minutes the rate was 900 to 1,200 c.c. per minute. The superior and inferior 
venae cavae were then occluded, and the wall of the right auricle was opened through a 
long incision. This chamber had seemed quite collapsed, as if it ueie empty, but within 
a few minutes after entering it the entire area was flooded by the great volume of re¬ 
turning coronary venous blood. The catheter system provided for the withdrawal of this 
coronary outflow was not adequate to handle the volume encountered. This insufliciency 



Fig. 7.—Exposure of septal defect through liglit auiicular cardiotomy in by-passed heart. 

resulted in a delay in returning the venous blood to the extracorporeal circuit and, as a 
result, the arterial pressure fell to shock levels. The inadequate system for draining 
away all the intrinsic blood was compensated for, in part, by several improvisations, 
but an uninterrupted and adequate machine flow could not be maintained. The volume 
of coronary blood aspirated from the right auricle was not less than 250 c.c. per minute. 
The arterial pressure did not letuin to a satisfactoiy level until approximately fifty 
minutes after the onset of shock. 

The opening in the right auricle made it possible to close the defect by sutures 
placed under direct vision. The exposure that was gained and the simple method of 
closure are shown in Fig. 7. The complex anatomical nature of the defect and its effect 
upon the dynamics of the ventricles and the right auricle may bo seen in Fig. S. Despite 
the difficulty with an overwhelming coronary venous outflow, it was necessary to hold 

^cnwal Ion Exchange Blood Pack, Fenwal Laboratories, Inc., Framingham. Jlass. 
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the auricle opea for only .eveuteea miautes. The maohiae flow 

after closure of the auricular wall, aad the by-paaa was terminated atter a total ot 

thirtv-three minutes. , 

'protamine solution uas then given intravenously and all catheters and canuulae 

were withdrawn. The pleural space was drained and the chest wall was closed in the 
standard manner. A dilute solution of Xeosj uephrine «as given intrav enously as well as 
a transfuMon of 250 c.c. of blood. Eight hours following operation the child was able 
to move his extremities and take sips of water. Sponging was required to prevent senous 
hvperthermia. He remained anuric and sixteen hours after closure ot the detect he died. 



Fig. S.—^Ventricular septal defect and anomaly of tricuspid valve as viewed through opened 

right auricle and ventricle. 


There was a small amount (90 c.c.) of blood in the right pleural space and some 
atelectasis in the dorsal portions of both lungs. The ventricular septal defect (l.o cm. in 
diameter) had been closed by the surgical procedure. After removal of all sutures, it 
was shown that the right auricle communicated directly with the cavitv of the left 
ventricle, because of the incomplete septal cusp of the tricuspid valve. There was no 
defect in the septum between the auricles. A fresh infarct was found in the upper pole of 
the right kidney. The brain was not examined, and therefore the possibility of cerebral air 
embolism not evpected. 

The many observations made during this procedure could not all be included in this 
presentation, hut the following summary covers the most important features. The pre- 
operative diagnosis was not confirmed, hut rather a defect high in the ventricular septum 
and an anomaly causing marked incompetence of the tricuspid valve were encountered 
alter the bv-passed heart was opened. A massive flood was caused bv the coronarv 
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voiious return. The oxygoiuitor-pumj) I'unetioned purfuutly, despite irreguliirity in the 
How into its venous side, and despite the iispirution of very great amounts of air along 
with the blood from the iutrinsie eardiae eireulution. The explanation for the large 
volume of eoronary venous return is a matter of fuudaiuentnl importance. It is certain 
that a high degree of arterial o.xygen .saturation was pre.sent at the time the cardiotomy 
was started. The cerebrum, and jio.ssibly the myocardium as well, snlfered hypoxia in the 
ireriod of hypotension caused by the temporary reduction of machine How rale. After 
suture of the septal defect and terminntion of the extracorporeal circulation, the heart 
resumed the emptying of its filled chambers and continued to beat normally. Death was 
caused by cessation of funetiou of the higher conter.s. No sign of air embolism was found 
at the limited necropsy, and blood cultures taken at the conclusion of exlracorpoieal circulation 
proved to bo sterile. 


SU.M.MAKY 


1. Somo iiuiovalioii.s in llio oxpennionliil imdliotl were diseiissecl. 

2. The nmohiuo How fates and animal tomitoratufes in 17 c.xpofiments wore 
talnilalcd. 


3. Ivosnlls "iven of analysis siiowcd tlial o-xygcnalion was obtained at t!ie 
rale of 3.(17 e.e. ])ef minute per kilogram, atid tliat earbon dio.xide wa.s eliminated 
at tlie rale of 2.9!) e.c. [ler minute per kilogram. 

4. I'Lxperienees in dealing with the eoronary venous return and the hazard 
of air embolization in the oitened and “by-passed’’ heart were presented. 

f). A de.serijition was given of an operation on a child with a defeel in the 
ventricular septum. In the surgical procedure Ids heart was by-passed and tlic 
defect was closed by a direct approach through tlie opened right auricle. The 
Itroblcm created by c.xce.ssivo coronary venous return wa.s discu-ssed. Tlie child’s 
death, sixteen hours later, came as the result of a jieriod of hypotension during 
the operation or cerebral air embolism. 


The authors wish to express their grntitudo to Dr.s. Thomas Largeu and Frederic 
N. Silverman for their assistance with many prolilems eueountored over a long period of 
time. The technical assistance contributed by Afr.s. Afolly Kaplan, Miss Ituth Parker, 
iMiss gena Ta.vlor, and Aliss Carol Limbort wa.s e.s.senlial to the comi)lotiou of this work. 
Student anesthetists from the Departmenl of Anesthesia of the Cincinnati Ocnoral 
Hospital, under the direction of itiss Alary Alice Costello, were most helpful in carrying 
out the exporimeuts. 

The A'ernet Kquiiuueut Foundation of Antioch College made available several 
valuable pieces of cipiipment for use in the laborator.v. 

Thu Dow-Coriiing Corporation of Alidland, Atich., and the Corning Cihuss "Works, 
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problems. 
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DISCUSSION OX “the PRODUCTION -VND REP.tIR OF INTER.VTKIAL SEPT.VL DEFECTS 
UNDER DIRECT VISION WITH THE ASSISTANCE OF AN EXTRACORPORE.VL PUIIP- 
0XYGEN.4T0R CIRCUIT,” BY DR. BERX.VRD J. AIILLEK, DR. JOHN H. GIBBON, JR., 

DR. VICTOR F. GRECO, DR. BURGESS A. SMITH, DR. C. H.UtOLD COHN, .VXD 
DR. FRANK F. ALLBRITTEN, JR.; AND “AN O.YYGEN.VTOR-PUMP FOR USE 
IN TOT.VL BY-PASS OF HEART AND LUNGS,” BY DR. JAMES A. HELMS- 
AVORTH, DR. LELAND C. CLARK, JR., DR. SAAIUEL K.A.PLAN, -AND 
DR. ROGER T. SHERM.tN 


DE. CLARENCE DENNIS, Brooklyn.—In 1947, work was started by a group of us 
at the University of Minnesota in an effort to develop a heart-lung apparatus of the 
type you have heard about today. Our original orientation was provided by Dr. Gibbon 
and his group in Philadelphia; we have enjoyed his friendship and exchange of data 
since that time, I think to the benefit of both groups, but I know to the benefit of ours. 
It is iny opinion that Dr. Gibbon is not only the pioneer in this field, but that he 
unquestionably is the leader at the present time as well. 

Initially we considered pumps to shunt blood around one side of the heart alone, 
but clinical indications for such applications seemed to us to be rare, and the propriety 
of application in those cases in which pumps have been used clinically is a matter of grave 
doubt at the present time. 


In the spring of 1951, having achieved a state of development which permitted fairly 
regular creation and closure of interatrial septal defects in dogs, we were joined by Dr. 
Richard A'arco in an effort to close such defects in failing hearts in children. The first 
case was reported by the group of us two years ago at the meeting of the American 
Surgical Association. It is of interest that that case concerned a patient with an atrial 
septal defect, and that the amount of return of blood to the right atrium from the in¬ 
trinsic circulation of the heart was reported by us at that time to be in excess of 250 
c.c. per minute also. 


The second case was undertaken some weeks later. Under direct vision snuo- 
closure was easily accompUshed. (Slide.) The difficulty in this case arose from several 
sources. This would apparently have been the first successful clinical closure of such a 
defect, If a member of the team had not failed to switch on a level control mechanism 
an oversight which resulted in the, forcing of oxygen into the aorta with obvious <^as in 
the coronary and carotid arteries. The circulatory difficulties which resulted led to verv 
sm-ere pu monary edema. However, continued support by virtue of femoral cannulas to 
he ex ent of about 200 c.c. per minute, led to return of normal blood pressure a str'on” 
heart beat, and an apparently normal electrocardiographic tracing. Althomrh cerebral 
damage was apparent the chest was closed, and the patient survived with the“suppor^o1 
the ox> senator until the end of the day, at which time death occurred. 
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(Slide.) This experience and our finding of tlie disastrous effects of the inadequacy 
of chemical sterilization have led us to spend the intervening twenty months in design 
and construction of a new apparatus, which is virtuallj’ completely automatic; the blood¬ 
bearing unit of this apparatus can be autoclaved after complete assembly. AVe have been 
delayed many months by the move from Alinneapolis to Brooklyn, but hope now for early 
resolution of some of the remaining problems. 

I have visited with Dr. Clark and his associates. Dr. Gollan and Dr. Gupta of Yellow 
Springs, Ohio, and have been unable to escape the dread of the effect of gas bubbles in 
the blood returning to the septum. I should like to ask Dr. Helmsworth if he is satisfied 
that failure to find evidence of air embolism at autopsy is satisfactory removal of the 
possibility of this as a source of difficulty. 

DB. JOHN H. GIBBON, Jr., Philadelphia.—merely rise to say that while we have 
used this method of avoiding air embolism in the systemic arteries, we are not at all 
sure that it is going to prove eventually' to be the best or the only method. 

About six months ago Senning of Crafoord’s laboratory published a paper in which 
he produced ventricular fibrillation deliberately in order to avoid having the left ventricle 
pump the air which it contained during the creation and closure of interatrial septal 
defects. Following the closure of the atrial septal defects he defibrillated the heart by 
electric shock. AA'e were anxious to avoid, if possible, the use of such a potentially 
dangerous procedure in animals or patients, so we have used a fairly simple method. 

This method consists of slipping a small plastic tube into the chamber of the left 
ventricle through a stab wound in the apex. The tube is connected to a source of mild 
suction. Contraction of the left ventricle then ejects any contained blood or air into this 
tube instead of into the aorta. The blood removed is returned to the extracorporeal 
circuit. Subsequently, after the operative procedure within the heart is completed, the 
tube can be quite simply withdrawn. AVe think it is important, when employing an open 
cardiotomy for the closure of septal defects, to have some method of being sure that air 
embolism will not occur in the systemic arteries. 

DB. HELAISAVOETH (Closing).—In answer to the question Dr. Dennis raised, of 
course, we cannot be certain. In the examination of dogs that have died after the experi¬ 
ment, very careful attention is given to the coronary vessels as well as the cerebral 
vessels; we feel that in the largest number of instances of oxygen embolization we can 
see collections of gas in those vessels. This finding is a very infrequent one at necropsy on 
animals in the most recent group of experiments. 



VARIATIONS IN THE BRONCHOVASCULAB PATTERNS OF THE 
LEFT LOWER LOBE OF FIFTY LUNGS 

ilARTHA. PiTEL, !M.S.,* AXD EDWABD A. BoYDEN*, PH.D. 

JIlNXE*VPOU3, ^IlXX. 

T his article represents the last of a series of studies analyzing the varia¬ 
tions in gross structure of the hronehopuimonar-y segments of adult human 
lungs. Emphasis will be placed on the patterns assvnned by the pulmonary 
arteries and veins of the left lower lobe. Yet because the patterns are largely 
determined by the arrangement of bronchi it has also been necessary to iden¬ 
tify the bronchial variations in these fifty specimens. These, added to the 
ones described by Berg and Boydeu in 1949, provide us with an incidence of 
variation based on 110 speciiueus.t 


THE GEXER.\L VENOUS P.VTTERK 


The left lower lobe is drained almost exclusively by the left inferior pul¬ 
monary vein. This is in marked contrast to the situation described by Boydeu 
aiul ScamreU. iu the right lung where the region of fusion of superior segment 
and upper lobe is partially drained by the posterior vein of the upper lobe in 
54 per cent of specimens. A comparable arrangement (Fig. 2, B) was found 
in only 6 per cent of left lungs (Bojuleii and Hartmann, 1946). Presumably 
this is due to the fact that the left superior segment is rarely fused to the 
upper lobe, congeiutally. 

The prevailing pattern of the veins in the left lower lobe is illustrated in 
Plate 1. To expose the branches of the inferior pulmonary vein by dissection, 
a small vein is located in tire hilrrm (y~h) which runs beneath the prrlinonary 
ligament (cf. Plate 2, left figure). This veirr leads into the cleavage plane which 
separates the medial basal (B') from the posterior basal segment After 

B' is reflected laterally, tire big veins are encorrntered (right figrire, Plate 2). 
These vessels fit snrrgly against the basal bronchi. In Plate 1 the inferior pul¬ 
monary has been retracted medially to show better tire relatioirsbip of veins to 
bronchi. 

In general, the venous patterir resembles that of the right lower lobe. The 
left pulmonary vein receives two main tribrrtaries—which drains the sti- 
periof segment (cf. Plate 3), and the common basal vein. The latter receives 
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two main tributaries—the superior basal {S) and the inferior basal (/).* Tliese, 
in turn, receive the segmental and intersegmental veins.! However, there is 
one striking difference between the veins of the two lower lobes. On the right, 
the superior basal vein is more commonly formed by F'* and 1^’, and the in¬ 
ferior basal by F'*. On the left, the revei’se is true: F^ and V‘° more commonly 
unite to form the inferior basal (Table I). Also, the common trunk of F* and 
F'® is shorter (Plate 1), so that occasionally F®—or a subsuperior vein which is 
usually tributary to it, FA'* (10 )—^forms the middle member of a trifurcation 
(Table I). Then we may recognize a common basal vein which is formed by 
three major trunlvs—a superior Ijasal, a posteidor basal, and an inferior basal 
vein (cf. Plate 4, #12). Such an arrangement has not been observed in the 
right lower lobe. 

In constructing Table I, small tributaries of the basal veins such as Y', 
or the usually small FA'® (9) and FX* (10), etc., have been omitted. Yet, it 
has been necessary to recognize “split” types, as in the right lower lobe. Thus, 
in IS per cent of our 50 specimens, F'“, F®, or F'* is represented by two veins, 
one of which joins tiie superior basal vein, the other of which joins the inferior 
basal vein. In the right lower lobe this occurred in 62 per cent of 50 specimens. 


T.usle I. Pattern of B.vsal Veins 



f SITP. 

POST. 

IXF. 



1 BASAL 

BASAL 

BASAL 

PERCENTAGE 

Bifurcations 




94% 

Uncomplicated types j 

. V. 

1 Vs -^9 


F9 + 10 
yio 

■ii% 

32% 

I 

r Vs 9 


ys + 10 

4% 

“Split” types S 

F», 9, 10 


yio 

S% 

1 

^ ys 


ys. 9 ,10 

6% 

Trifurcations 

Vs 

Fa 

Vio 

- 6% 

2% 


Vs + 9 

rx* 

yio 

4% 
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Last, displaced lingular veins occurred in only five specimens (10 per 
cent). Four of these emptied into tiie inferior pulmonaiy vein (two being as¬ 
sociated with F'), and one into the superior basal. (Boj'den and Hartmann 
found the same percentage of displaced lingular veins.) In general, it is clear 
that the left inferior pulmonary vein is much less variable in its mode of forma¬ 
tion than the right inferior pulmonaiy. (See Table III of Perry and Boyden.) 

Of special interest is the specimen illustrated in Fig. 3. This is the only 
ease in which the basal veins appeared to cross the anterior surface of the lobe 
superfieiall 3 ^ This is due to the fact that B' ai'ises as a displaced ramus (BX’’) 
of the lateral basal bronchus (B‘'). 


THE SUPERIOR SEGMENT (B^) 

1. New Observations on the Bronchial Pattern .—Before discussing the 
blood supply of the segment we shall briefi.v review the bronchial pattern of 
the segment and then present new observations on its variability. 


♦For discussion of termmologj-, see Feirj’ and Boyden, 1951 , the clockuise 

side ^ —<• ^ 

bronchus (cf. Plate 1). 
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Table II. Sumaiaf.y or Supebiok Segmextai. Bboxches ( B ^) 


I. i)S arises as a single trunk 

1. 2>5 bifureates into 

1) B“'ii and Bs?) -r c 

2) B“'6 ami B»'<i - f 

3) B‘c anil B^n ~ b 

4) Bizarre patterns tsplit B»'fti 

2. B« trifurcates into 
1) B^a; B‘b; B^c 

•2) B^al; B‘'a3 ~ c; B^b 

II. Bii arises as tuo seuarate. trunks 
B»'6 - I’ anil B-n (Plate 4. =71 


j rlTEL AXB ] 

BOYDEX j 

1 (50 SPEC.) 

bebg ,\xd ] 

BOYDE.X 1 

(60 SPEC.) 

TOTAL 
(110 SPEC.) 




S3.791 

42rr 

32CJ- 

0% 

1097 

42.791 

29.191 

6.491. 

5.59I 

15.491 

J4C:' 

1591 

091 

14.591 

0.9 91 





0.991 


O'-! 




The superior or "apical" brouchus of the left lower lobe has three main 
branches: a medial ramus (B^a), a superior ramus (B^h), and a lateral ramus 
(B^c). The present study confirms the observation of Berg and Boyden that 
the most common pattern (43 per cent) is a bifurcation having the formula 
“B^a and B‘'h -r c” (ef. Table II and Plate 5). By virtue of the fact that B^a 
extends downward along the paravertebral surface toward the diaphragm 
(Table III), the left superior segment caps the lower lobe obliquely, whereas 
on the right side it is prevailingly horizontal. This distinction is best shown 
in colored plates of injected specimens (1949 articles) and explains why re¬ 
section of the superior segment can be more difficult on the left side. 


T-iBLE III. Lowest Extext of Medial Raaics ( Bsa ) o.x the Pakatertebral Serfage 


i 

1 PITEL AND 

BOYDEX 

I (50 SPEC.) 

BERG AXD 
BOYDEX 
("GO SPEC.) 

TOTAL 

1 (110 SPEC.) 

Extends two-thirds or more of distance 
to diaphragm 

3S91- 

5791 

48.291 

Half-way to diaplwagm 

4691 

3791 

40.991 

One-third of distance to diaphragm 

1091 

391 

6.491 

Fails to reach paravertebral surface^ 

691 

391 

4.5^ 


•In 129c of the 110 specimens tlie upper portion of the paravertebral surface is supplied 
by an accessory branch of B*hj vrhich is then designated BX^al. In 4.59e the accessor^' 
branch replaces B*ai: in the remaining 7.59^^ it supplements B'al. 


In the present series of specimens we have encountered a new complica¬ 
tion—^namely the displacement of B^a to a position on the basal bronchus 14 mm. 
below the main orifice of B" (see Specimen =7, Fig. I). That this displaced 

ramus is not a medial snbsuperior bronchus (B ^)-—as one might first surmise_ 

is made clear by a comparison of Specimens =7 and =12 in Plate 4. In =12 
B^a (u-ith its superficial and deep branches, B^al and B^a3) is obviously the 
medial ramus of a hifnreating B®. In =7, the bronchus with branches labeled 
B®<j 2 and B^al distributes to virtually the same territorv. Therefore it repre¬ 
sents a displaced B‘a. Also, as in =12, its artery rAX®«) arises at.vpically from 
A'o, but at the same level as the displaced artery to the lateral ramus, namelv 
-lX®c. 

This finding of two orifices for the left superior segment is unique iu our 
experience. On the right side such an arrangement has been noted in 6 per 
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cent of 100 specimens (Table II of Peny and Boyden). On that side, however, 
the lower orifice represents ramus B‘c (see Pig. 1 of these authors). 

In the present study of the left lobe we have also encountered, for the first 
time, two instances of a subsuperior bronchus (B^) vdiich supplies the para¬ 
vertebral surface. Previously Neil and his co-workers had mentioned that such 
a medial stem existed on the left side. An example of this is now shomi in 
Plates 2 and 3. In the left-hand figure of Plate 2, occupies a paravertebral 
position. Why, then, should it not be interpreted as a displaced B®a? The 
first reason is that a B^a2 is already present in its usual place. Second, only 
a portion of B* supplies the superficial paravertebral surface. Most of it ex¬ 
tends posteriorly (see truncated lobe on right side of Plate 2). It is interesting 
to note, however, that since its orifice is only 12 mm. below the orifice of B", the 
bronchoscopist would not be able to distinguish between a medial subsuperior 
and an inferomedially displaced second orifice of B®. 

The question will also be raised as to why a high, hiterallij directed sub¬ 
superior, which frequently supplies the anterior surface below a high B^c, 
should not be interpreted as an inferiorl 3 ' displaced B^c, especiall.v since this 
is the form of duplication that occurs in the right superior segment. In answei’- 
ing this, attention is called to the deceptive specimen presented in Plate 5. 
Twelve millimeters below the keel of B®, there arises a B* with deep branches 
passing to the posterolateral surface and superficial branches supplying the 
anterior surface. In the absence of B*«, the superficial ramus is interpreted as 
a displaced B^a (BX^a from B*j. But inferior to these superficial branches is 
a vein (here labeled VX^a) which empties into the superior vein (V^). Since 
the bronchus in question is cut off bj' a branch of the superior vein, wh.v should 
this bronchus not be identified as a displaced B'c? The answer is that it is too 
low, also that this is the direction which the subsuperior bronchus usuallj' as¬ 
sumes on the left side (see footnote. Table YII). Therefore it is a subsuperior 
bronchus carrying certain airterior basal branches. 

With this introduction, we niar^ now proceed to consideration of the ar¬ 
rangement of blood vessels in the superior segment. 

2. The Arteries of the Superior Segment (A ").—In a previous analj’sis of 
the left upper lobe it has been noted that the left pulmonary artery crosses the 
bronchus of the left upper lobe to enter the floor of the iirterlobar fissure. As 
it makes the turir it gives off a varying number of superior and posterior arteries 
to the superior division segments of the upper lobe (Fig. 2). Somewhat below 
these, on its medial side, appears a cluster of arteries to the lingular segments 
(aF'F ig. 2, B). Unexpected^', the first artery to the lower lobe arises be¬ 
tween these two groups (A^ Fig. 2), that is, above some of the arteries of the 
upper lobe. For this reason, Kent and Blades earh- pointed out the irecessitj' 
of ligating the arteries individrrall.v in lobectomies of either the left upper or 
lower lobes. Even when there are two separate arteries to tire superior segment 
(A^a + h and Fig. 2, C) this relationship still holds, as a rule. In this re¬ 
spect, therefore, the left pulmonary artery differs in its mode of branching from 
the a’rterv of the right lung. For on that side, when there are two or more ar¬ 
teries to 'the superior segment, the lower one usually arises below the middle 
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lolie aitei-y—or the second middle artery, it there are two. (See Fig. 3 of Boy- 
den and Ham re.) 

As indicated in Table IV. the left superior segment was found to he sup¬ 
plied by two arteries in about one-third of our fifty specimens. The incidence 
of this variation is thus nvice as great as in the right superior segment (16 per 
cent, Periy and Boyden). Furthermore, the complex types of branching are 
somewhat more numerous on the left—2S per cent (Table IV) as agamst 24 
per cent on the right. 


Table. IV. Abts-bul Svpply o? Svpekior Segjiext 


I. Segment supplied By iiiiyfc artery bifurcating into 

1. .simple types 

1) Ji^a and A^b - c 

21 Jsfc and _ <• 

31 and Jt^'a - 6 

arc 

dsr 

151^' 

2. Complex types (.ivith displaced branc!ics> 


ler 


IL Segment supplied by < iro separate arteries 

1. Simple types 

I> A-a and A^b - c. 

21 A^b and A^a - c 

3,1 A^c and - 6 

lar 

■trr 

aar 

34r 

2. Complex types ttrith displaced branchesF 


larc 


m. Segment supplied by three separate arteries 
tOne of the three. Jl^a. came from A’^x 



arc 


*In 5 of Che ij 5p«cii2ieJ3^, A^<zj ior aro5e atypicaiJj' frohi 


Of special interest are the 12 per cent of specimens in which A^n, or one 
of its two branches, arises from a displaced position on A", the artery to the 
posterior basal segment (cf. AX*a2. Plate 5-. AA'"n, Plate 4). Such an arrange¬ 
ment was never found in the right lower lobe. Also, in 14 per cent, A'ol arose 
as a displaced branch of A^h (cf. AX^al, Plate 2). These aberrations are pre¬ 
sumably correlated with the greater paravertebral extent of B‘a in the left lung. 
In view of these variations, we were siu’prised to find that the arterial pattern 
corresponds to the bronchial pattern more frequently in the left superior seg¬ 
ment than in the right. For in only 36 per cent do the arteries cross the sub- 
segmental planes, whereas on the right side the arteries fail to reproduce the 
bronchial pattern in 44 per cent of specimens. Nevertheless, it would seem 
that resection of subsegmental portions of the superior segments would be some¬ 
what hazardous. This is accentuated by the variability of the veins. 

Superior Segment fV*;.—Vhh few exeeprions the 
e^ oi the stipenor segment drain into a lai-ge mtuk (Ty which lies on the 
median side of the left upper lobe brenchus (Plate 1). As it sSn^areimd 

PreTaiSv (56 T'" it varies in the depth of position. 

ureiailmAv (o6 pei cent), it emerges from the deep side of 

nnl'" -Pei-SdaUv B-a ikpju 

beTOeM,he„robtaaehesoi's.“(Pl“r2T.* “ "" 
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cent or 100 specimens (Table II of Feriy and Boydeu). Oil that side, however, 
the lower orifice represents ramus B^c (see Fig-. 1 of tliese authors). 

In the present study of tlie left lobe we have also encountered, for the first 
time, two instances of a subsuperior bronchus (B^) which supplies the para¬ 
vertebral surface. Previousl 3 ^ Neil and his co-workers had mentioned tliat such 
a medial stem existed on the left side. An example of tliis is now shown in 
Plates 2 and 3. In the left-hand figure of Plate 2, occupies a paravertebral 
position. Wh,v, then, should it not be interpreted as a displaced B^al The 
first reason is that a B^(i3 is already’’ jiresent in its usual place. Second, only 
a portion of supplies the superficial paravertebral surface. Slost of it ex¬ 
tends posteriorly (see truncated lobe on right side of Plate 2). It is interesting 
to note, however, that since its orifice is only 12 mm. below the orifice of B^, the 
bronchoscopist would not be able to distinguish between a medial subsuperior 
and an inferomedially displaced second orifice of B^. 

The question wilt also be raised as to wh.v a high, latenilly directed sub¬ 
superior, which frcquentl.v supplies the aiitei’ior surface below a high B^c, 
should not be interpreted as an infcriorl.v displaced B^c, especially since this 
is the form of duplication that occurs in the right superior segment. In answer¬ 
ing this, attention is called to fhe deceptive specimen presented in Plate 5. 
Twelve millimeters below the keel of there arises a B^ with deej) branches 
passing to the posterolateral surface and superficial branches suppl.ving the 
anterior surface. In the absence of 7Pa, the superficial ramus is interpreted as 
a displaced B^a (BXUi from B'^). But inferior to these superficial branches is 
a vein (here labeled FA'VO which empties into the superior vein (V^J. Since 
the bronchus in question is cut off ly a branch of the superior vein, why should 
this bronchus not be identified as a displaced B'c? The answer is that it is too 
low, also that this is the direction which the subsuperior bronchus usually as¬ 
sumes on the left side (see footnote. Table VII). Therefore it is a subsuperior 
bronchus carr.ving certain anterior basal branches. 

With this introduction, we ma.v now proceed to consideration of the ar¬ 
rangement of blood vessels in the superior segment. 

2. The Arteries of the Superior Segment (A '’).—In a previous analysis oi 
the left upper lobe it has been noted that the left pulmonar.v arteiy crosses the 
bronchus of the left upper lobe to enter the floor of the interlobar fissure. As 
it makes the turn it gives off a varying number of superior and posterior arteries 
to the superior division segments of the upper lobe (Fig. 2). Somewhat below 
these, on its medial side, appears a cluster of arteries to the lingular segments 
(A-*’Fig. 2, B). Unexpectedl.v, tlie first arterv to the lower lobe arises be¬ 
tween these two groups (-F, P’ig. 2), that is, above some of the arteries of fhe 
upper lobe. P’or this reason, Kent and Blades earfv pointed out fhe necessitj' 
of ligating the arteries individually in lobectomies of either the left upper or 
lower lobes. Even when there are two .separate arteries to fhe superior segment 
(A'a + b and -l®c. Fig. 2, (') this relationship still holds, as a rule. In this re¬ 
spect, therefore, the left pulmonary artery differs in its mode of branching from 
the artery of the right lung. For on that .side, when there are two or move ar¬ 
teries to the superior segment, the lower one usually arises below the middle 
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lobe axterv—or the second middle arteiy. it there are two. (See Pig. 3 of Bot- 
den and Hamre.) 

As indicated in Table IV, the left superior segment was found to be sup¬ 
plied by two arteries in about one-third of our fift.v specimens. The incidence 
01 this variation is thus tnxce as great as in the right superior segment (16 per 
cent, Ferry and Boydeu). Fmxhermore. the complex types of branching are 
somewhat more numerous on the left—^2S per cent (Table IT) as against 24 
per cent on the right. 


Table It'. Aeteeial Supply of Supef-ioe Segme-nt 


I. Segment supplied by single artery bituieating iuto 

1. .Simple types 

1) A^a and - c 

2) A^b and A^a - c 

3) A^c and A^a - b 

ZZTc 

ZiTc 

■ZTc 

■lS7c 

64% 

'Z. Complex types (u-itli displaced branches) 


lUYc 


IX .Segment supplied by two separate arteries 

1. Simple types 

1) A^a and A^b ~ c 

2| A^b and A^a - c 
. 3) A^c and A^a -r b 

12Yr 

■17c 

67c 

oocz. 

34% 

i. Complex, types (with displaced branches)* 


12% 


III. Segment supplied by three separate arteries 
{.One of the three. AX^a, came from Jtul 



2% 


*In 3 of the 3 spcClmtriis, (or arose atji>ical)y from 


Of special interest are the 12 per cent of specimens in which A^a, or one 
of its two branches, arises from a displaced position on -4*'^, the artery to the 
posterior basal segment (cf. Plate 5; aLY°V/, Plate 4). Such au ari-ange- 

ment was never found in the right lower lobe. Also, in 14 per cent, A‘al arose 
as a displaced branch of A^b (ei. Plate 2). These aberrations are pre¬ 

sumably correlated tvith the greater paravenebral e.xtent of B^a in the left lung. 
In view or these variations, we were surprised to find that the arterial pattern 
corresponds to the bronchial partem more frequently iu the left superior seg¬ 
ment than in the right. For in only 36 per cent do the aixeries cross the suh- 
segnrental planes, whereas on the right side the aixeries fail to reproduce the 
bronchial pattern in 44 per cent of specimens. Nevertheless, it would seem 
that resection of .snbsegmental portions of the snperior segments would be some¬ 
what hazardous. This is accentuated by the variability' of the veins. 

3. The Veins of the Superior Segment ('Y^.—lYith few exceptions the 
veins of the supeiior segment drain inio a lai-ge trunk (T^) wliieh lies on the 
median side or the left upper lobe bronchus (Plate I). As it swings around 
rrom behind the upper lobe bronchus, it varies in the depth of it^ position. 
Prevailmgly (.d 6 per cent), it emerges fi-om the deep side of (Plate 3). 
In another 30 per cent, P* or its main branch passes superficiaUy to B^a (Speed- 

men „ * ate ). and in rize remaining 14 per cent of specimens ir coulees 
between the two branches of B^a (Plate 2). 
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Usuallj' y® lias three principal tributaries. Of these, the middle one (V^l)) 
is somewhat verticallj" oriented and emerges from the depths of the segment. 
This relationship is well shoivn in Plate 3 (see large imlabeled branch of P" 
that lies parallel and just inferior to B‘i). The other two, V>’a and are 
nsually intersegmental veins Avhich separate the superior segment from adjacent 
zones. Commonly tliese are horizontally plaeed. In Plate 3, for instance, V^a3 
separates the superior segment from the siibsuperior zone (see bronchus as¬ 
sociated with il*). In Plate 2 the same vein (of tlie same specunen) is seen 
on the bottom of the upturned superior segment. On the lateral side, the vein 
which separates the superior from the anterior basal segment, or its displaced 
lateral branch (BX^a), is Y^c. This is Avell shomi in Specimen #7 (Plate 4) 
and in Plate 5. However, these intersegmental veins are not always present. 
In 10 per cent there is no large V^a branch but only scattered venoim twigs, 
and in another 10 per cent V^c is wholly or virtually absent (Plate 2). 

The mode of branching is also variable. In fact the vein often exhibits a; 
shrublike appearance, so that in analyzing its pattern one has to deal with just 
the major tributaries. The prevailing patterns ha^'e the formula V‘h and 
V^a -t- c (36 per cent) or Y^a and T’'’6 -t c (32 per cent). In another 12 per 
cent there was a "splitting” of V^a or Y^b—that is, one or the other of these 
rami were represented bj^ two large branches widely separated from each other. 
In another 20 per cent (as noted earlier) either Y^a or Y®c were defective. In 
the remaining 2 per cent the vein was formed by the two tributaries Y®c and 
Y-’a -t 1 . 

Because of these variations the mode of bi'anehing of Y'' was obseiwed to 
follow the bronchial pattern in only 22 per cent of specimens. Finallj^, in a 
comparison of the venous drainage of the left and right superior segments, the 
principal difference would be found in the greater development of Y'^o in the 
left liuig. This may be correlated with the greater prominence of B^a on the 
left side. It will be recalled that the major ramus of-the right segment is J5®c, 
and that in 60 per cent of right superior segments Y® was formed by only two 
major tributaries—Y®b and Y®c. 


THE BASAL SEGMENTS 


1. General Mode of Division of Basal Bronchi and Arteries .—^After the 
lower lobe bronchus gives off the dorsal branch that supplies the superior seg¬ 
ment fB'), it continues as an rmdivided trunk for an average distance of 17 
mni. We have named this portion of the bronchial tree the "basal trunk” 
(Pig. 3).« In nearly four-fiftlis of the lobes, this trunk divides into two stems— 
cmnmonly and B-- (62 per cent of 110 specimens). In tlie remaining 
fatth It branches into three stems (Table V), ■ 

cori^sponding portion of the left pulmonai-y arteiy—the "basal ar- 
Patterns: in 42 per cent it divides into and 
_^ per cent it trifurcates (cf. Plate 4, #7)t; but 


as an 
shoot 


and 20 mm. In deamng this 

been disreltrded ‘(c\ Ifl brd"scusl°ed‘late1-"‘'^''®‘'"°‘' 


\ 
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Table V. AIode op Bkaxciiin'o op Basal TituxKt 



PITEL AM) 
BOYDE.V 1 

1 (50 SPEC.) [ 

BKliG AND 
BOVBEX 
(60 SBEC.) 

TOTAL 
(110 SPEC.) 

I. Basal tiuiiK bifuieates 



77.3% 

1. Into B' + ^ and jS» + ml 

d6% 

66.7 % 

61.8% 

2. Into bizaiie patterns 

10% 

20.0% 

15.5% 

1) B~ + and + B>« 




(JS® absent) 

0% 

1.7%; 

0.9% 

2) Br and rest 

4% 

10.0% 

7.3%, 

3) and lest 

0% 

1.6% 

0.0% 

4) B‘o and lest 

6% 

6.7% 

6.4% 

II. Basal trunk tiifuieates 



22.7% 

1. Into B? ; Bn; Bio 

30% 

13.3%, 

20.9%r 

2. Into Bs + Bi * 0 ; jnv* (9); B‘o 




01 Br + «; BX* (9); B") + o 

1 -1% 

0.0% 

1.8% 


tFor details of \aiiation u itlim a givon stem, such as those for B '*and so forth, 
see following tables. 


in the remaining 54 per cent it divides very nnevenly—into A"’ and the rest 
(46 per cent, ct‘. Fig. 2, C), and the rest (6 per cent, ef. Pig. 2, B), or *4"6 
and the rest (2 per cent). 

The peculiar grouping together of arteries 7, 8, and 9 (46 per cent) may 
be explained largely by peculiarities of the broncliial pattern in these speci¬ 
mens—namely by the displacement of B^ to a position on B' (8 per cent, cf. 
BX^, Fig. 1, #12 and Plate 4, B), by the trifurcation of the basal bronchus 
(28 per cent, cf. #46, Pig. 1), or by the shortness (3 to 7 mm.) of the common 


Table VI. The Mliuai. B\sal Buoxcuus ( B ') 


I. Oiigin of B' 

1. Arises in common with i>s 

(or ramu.s) 

1) B~ lies imteiioi to 

2) B~ lies in siiiiie pUiue ns B^ 

3) B^ lies deep to 

2. Arises sepniiitey fioiii basal 
trunk 

3. Absent as sueli (displaced to B^) 

II. Distribution of B~ 

1. Supplies whole width* of an 
tenor suifaee 

2. Supplies medial half oi thud of 
anterior suifaee 

3. Supplies aiiteiioi and seetoi of 
costal surface 

4. Supplies one half of aiiteiioi sur¬ 
face (one minus absent) 

5. Absent as such 

III. Occuiieiice of laige diaphiagmatie 
lamus (B~o) 

1. Arises as branch of B'b 

2. Arises as biaiich of B'a 

3. Arises from eoiiimoii tiunk of B- 

4. Arises from (a» BS^'c) 

5. Bopresented by small biaiielies 

TTTlimasured along inferior margin 



PITEL AX D 1 

BERG AXD I 



BOYDEX 1 

BOYDEX 1 



(50 SPEC.) I 

(60 SPEC.) 




96% 


86.6% 

35.5% 

90.9% 

66% 


47% 



30% 


35% 


32.7% 


0% 

4%, 

0% 

10% 

2.7% 

7.3%, 


0% 


3% 


1.8% 

28% 


61.7% 


46.4% 


36% 


21.7% 


28.2% 


36% 


10.0% 


21.8% 


0% 


3.3% 


1.8% 


0% 


3.3% 


1.8% 



2fi% 

16 % 

16% 

2 % 

40% ___ _ _ 

from pulmonary ligament to lateral niarsin ot lobe. 
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tnmk ot B' aud B" (S per eeiit, ef. Plate 5'i. Thia account:, tor the pattern in 
eishteen of the twenty-two specimens in which .I', A\ and .1’ have a common 
stem. Xevertheless. the fact remaius that in two-thirds of all specimens the 
basal arteiy has a diffeient mode of branching than the associated basal 
bronchus. 



ABC 

Fi^. 2 .— SkclchtiS oC ihe interlobar poruon of the left pulmonary artery to illustrate 
relation of arteries of tne aupenor tesmient (A*) to the lingular arteries of the upper lobe 
(A* and A*J. iSp-^c!i;ien A, illm^trating single A* at level between artery to the anterior seg¬ 
ment (A'a) ana A*. The ba^^ artery divides con\entionall> into and 1*“ *. Specimen 
i)Im>trating two superior segmental arteriej» Iving above level of and A*, also atvpical 
aivision oi ba^^al artery into A*h and A*** — A*'’. Speciiiieii C. illiittraling ab:>ence of lingular 
artene* on interlobar'portion of pulmonary arterv and the prevailing pattern of division of 
basal artery into A ‘ anvi A* *. 

2. The Jltdinl Basal Segmtiit (B ~).— 

The hronchial paiiern: As summainzed in Table VI. the medial basal bron- 
chiLS has the loUowins characteristics. It arises in common with B" (or one of 
its rami) in approximately 91 per cent of 110 specimens (cf. Plate 1).* In 
T per cent it arises independeiitlv from the medial jjortiou of the basal triuik, 
as does its homologtie of tlie right lower lobe (see Fig. 5 of Berg and Boydeu). 
In 2 per cent it is ab-.eiit as such (see Pig. 3). It distributes prev'ailuigly (in 
46 per cent) to the whole width of the anterior surface of the base of the lobe 
(Plate 5). or (in 30 per eenii it ma\ supply less than that (Plate 4. =r7), or 
(in 22 per cent) it may even extend onto the costal surface (Plate 4, C). 

The diaphragmatic surface of the segment is supplied prevailingly (in 40 
per cent) by small branches of B'a and B-h. or (in 42 per cent) by a lar«e 
branch of either B'a or B'b. or (in 16 per cent! bv a single large stem (B^^) 
which arises from the main trunk of B‘, before the latter divides into the usual 
medial and lateral rami (cf. Fig. 3 1 . A disc-nssion of the reasons whv the medial 
basal biouehus dioukl be comsideied to ha.e the stattts of at least a subse-unental 
bronchus (and perhaps a segmental one) mav he fotnid in the article hv Bovden 


common trunk 2S c 3 mUI.m.ters. 


■T1 e a\era;e l<;nath of thi^ 
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I’he arterial pattern: Since B' arises in coiiunon with or one of its 
brandies, in 91 per cent of specimens, it would be expected that A' would usu¬ 
ally have a common origin with d* or one of its branches, and such is the ease 
in all but 8 per cent of fiftj' specimens (cf. Plate 4, #12). Similarly, since 
at its point of origin lies in a plane superficial to P* (66 per cent of fifty 
specimens) one woidd assume that d' would cross in front of B^ in the majority 



Fiff. 3.—-Sketch of dissected anterior surface of left lower lohe of a unique specimen. 
(Dissection by S. H. Robinow.) Superior basal vein posses anterior to ali bronchi except 
S^b. (the medial basaj) js absent as such and oriffinates as a displaced bronchus (BX^) 
from the proximal portion of the lateral basal bronclius (B*), The basal trunk trifurcates into 
and B^‘’. Note hi^h position of above level of lingruJar arteries The A‘c 

branch is hidden behind A^b, The territory supplied by BS’ is narrower than usual, and some 
of the branches of B^b have invaded its territory (BX^af). 

of specimens, and such is the ease (cf. Plate 4, #7)- However, in 26 per cent, 
passes deep to the anterior basal bronchus., Such speehnens are dangerous 
from the standpoint of resection of segments, for in about one-lialf of these 
specimens the artery to the lateral basal segment (A‘') arises anoinalousljf from 
the deep side of A’'. In such lobes the ligation of a supposed].^' single artery 
could well occlude two segmental arteries instead of the anticipated one. J u 
example of a displaced artery {AX‘>J, arising from fJie deep side of -I’ , is 
shouui in Fig. 2, C (HA-'from }. 
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The venous paiteni: The veins of the medial basal segment are small ves¬ 
sels rangins in number fx'om one to four, and occasionally there are more. 
Tvpically, there are two (36 per cent of specimens). The first of these (V'o) 
runs between the two rami of the segment (Plate 5) and empties, in two-thirds 
of the specimens, into Y^h —the intei’segmental vein which separates the medial 
basal from the lateral basal segment (Plate 5). However, it may drain into the 
common basal, the superior basal, or even the inferior basal or one of its 
branches (T’, Plate 2, right figure). 

The second vein, Y’b (Plate 4, =7), is the intei-segmental vein which sepa¬ 
rates the medial basal from the posterior basal segment (B‘°). This is the veui 
which usually lies deep to the pulmonary ligament (Plate 2, left figure) and 
leads into tlie cleavage plane which separates the shallow medial basal segment 
from the imderl^ung segments, 5'“ and S*. Typically, Y'b drains into the com¬ 
mon basal vein (Plate 4, #7), but ahnost as frequenth' into the inferior basal 
(Plate 2, right figure). Atypically, it discharges into the superior basal vein 
or one of its branches. 

Vhen there are more than two veins draining the segment (44 per cent) 
there may be two Y~as and one P'b, or vice versa, or two of each. The remain¬ 
ing 20 per cent of specimens are characterized by the presence of a single Y' 
having a and b rami. This may be the only vein, or it may be supplemented by 
a second vein, Y~a or P*&. On its deep side the medial basal segment is usually 
separated from the lateral basal segment by tributaries of P® (Plate 2, right 
figure). Thus in resecting the medial basal segment lateralward, one could 
enter the pulmonary ligament to Y'b, thence along the tributaries of P®, and 
thence to P^b, the vein which separates the medial basal from the anterior basal 
segment. 


3. The Anierior Basal Segment (B ^).— 

The bronchial pattern: In contrast to the median basal bronchus with 
which it is so fi’eqnently associated, the anterior basal bronchus is a highly vari¬ 
able and frequently defective stem, both in its mode of branching and in its 
distribution. As sununarized in Table YII, one or the other of its two rami 
was missing in 17 per cent of 110 specimens. The territory normally supplied 
by its lateral ramus (B^a, Plate 2) is either invaded by neighboring bronchi 
(ef. Plate 4, =7) or wholly supplied by others (Plate 5) in 35 per cent of 
specimens. Its basal ramus, which normally reaches the diaphragmatic surface 
of the lobe (B^'b, Plate 4, #7), fails to reach the base of the lung in 19 per cent 
of sireeimeus (ef. Plate 4, C). In the present study we have become aware of 
the frequency of anotlier variation hr the mode of branching of the anteromedial 
basal trunk—namely, the high origin of B^o on the common stem of B' - ^ Is 
a result, the trunk divides unevenly into B^a and B’ ^ ^b. This was observed in 
24 per cent of fifty specimens (Plate 2, left figure). It is not surprisin- tliere 
fore, that the arteries supph-ing the segment should have a complicated nattem' 
The arterml pattern: The artery to the anterior basal segment arises sepa 
rately rroin the basal arterv in oiilv three cases (R j. 7 sepa- 

I.. ,w„ oe .1. a.«s l,id, „„ „„ ,h„ tea? “"P 

then (livules into A’ and nr \'-3 iio \ down the lattei' 

-I , 01 A and 4-^b. In the third 


case 
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Tahi.k VJ[. Tni; Axtciuok JUsai. HitoNciiL-a 



pniu, Axi> 1 

iiovDnx 1 

(.■)() si*ra) 1 

1 AND 

IJOYDDN 

1 (ti0si*i:c.) 

TOTAL 

(llOSl'LC.) 

i. Oiighi of HO 

1. Arises wholly or in pint with Jl' 

Otiv, 

«().()% 

90.!)% 

1) Ho has typical pattern (Plato 

01)% 

1)3.0% 

01.0% 

1) 

2) H0(t arises higher, Hf * oi low- 

1S%* 

S.A% 

12.7% 

er, on stem 

3) /f'n absent (stem eonsists of 

l<)%t 

S.S% 

11.8% 

+ ib) 

1 ) 0(1 leplaeed by lamus of 

HX* (9), 

HUi leplaced by lamus of 
!>■*, 

Ho/i leplnced bv laniiis' ot 

HO, 

I) Ho earjies displaceil llo 

s% 

6% 

2% 

0% 

1.7% 

3.6% 

(In 2%, 7>V(i aiises high on 
stem) 

(In 2%, 110(1 leplaced by 

5) lloh absent (stem eonsisis of 

0% 

3 3% 

1.8% 

ir + S(() 





{IM) i(>plju'('(! )>v i.'unu.s of 
HO) 

2. Ho arises alone from basal tumb 
II. IDi.sInbiition of Il’rt and H^h 

1. H'^a alone .supplies upper half of 
.scfjiueut 

2. !>’»« a.ssisted or loplaeedt 
1) By HX* (9) 

21 By H* 

•A) By HO 
1) By HX* (tO) 

.'1. Hob loai'hcs Iiasal '.uiface of lobe 
I /;<?; fails to leaeh basal sui face 




13.4% 


9.1% 





04.0% 





3.'5.4%- 

22% 

1.8% 

13.3% 

13.3% 


17.3% 

lo.t% 


2% 

0.0% 


0.9% 


(% 

0.0% 


1.8% 


l(i% 

20.0% 


3o.l% 

,80.9% 

7.8% 


83 3% 


22% 


10.7% 


19.1% 


♦Tot.il ts 20Cr of 50 speeirueo.s (.ol<t lino IG of tabte. ainl of. Plato -) 

tTot.il Is IS'"! of 50 spocinicn.s (.ulii line IS of t.ible. anil of Plato 6) , ,, , 

tB’a assisteii bv otlicr bionchl in 21.8% (cf Plate I). leplaceil by otliois in i:!G,i. or 
no specimens (cf Pl.ite 5). 


A'(I WHS abscnl ti.s sueli, and .17; arose up on liio l)a.sal artery. Lower down 
the latter divided into -I'" and .r + + AX‘* (9). In the remaining 94 per 

cent, /L* or its raiui were branches oL’ tlie anteromedial basal artery. Aeeoid- 
ingiy the jiatterns of .1’ will be discu.s.sed in relation to the parent mien, 

(ef. Plate 4, #7). 

The three ina.ior patterns are shown in Fig. 4. Iliagram -1 repre.sents the 
prevailing' t.vpe (20 per cent) in which the parent artery divides into and 
The arrangement conforms to tlie bronchial iiatlern of the coi'rcsponding 
specimens in only 16 per cent of ca.se.s, yet 42 ])er cent of the bronchial trees 
have this eonvcntional jiattern. 


In the .second type (B, Fig. 4), A'H ari.ses .sejiaratoly as a branch of A'm 
22 per cent of spccimems. Rarely this type may have two .Pas (Plate 2, lett 

mT, motlicr 10 poi cent of tliese .specimens. A" uiosu liitibei- up Uian la sboun In tbo 
d,.,g..u.r.m.l l> n.ose'coo.ilinately with A' • ‘. 
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figuie). In oulv seven of these eleven specimens is the arterial pattern dnpli- 
eated by the corresponding bronchi. 

In the third tv-pe (0, Fig. 4) A^a is absent as such in all five, and -4’ now 
arises coordinately with -4"" ■*. In each ease the bronchial pattern is different. 


ABC 



)%(I67olii\c bronchi) 2E%(l47olikc bronchi) 10 % (none like bronchi) 



l,K. bronchi) 4%<non« like bronchi) 8%(„„„c |,kn 

mV.v'i.’ iiis'ts’i'ajr a?" 

{A* coming oit b> In arterj ari.aei> collat»>rlPnf* 

'Ikh’cir 

'or'"v4’frim thi 'fwi ■n"?he 
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Ill tlio lower row of iliiiyriiiiis (.1', li', Fig. 4) siinilar arterial iiatteriis 
are again shown, this time representing siieeimens eomiilieateil by di.splaeeinont 
of the lateral ha.sal artery (A^J to u jiosition on the dee]) .side of *4', .Fa, or A'^b. 
In none of these does the arterial pattern eonforin to the bronchial plan. In 
addition to these ten there is another speeijiien in ivliieh .I’ is disi)laeed to the 
main stem of -i'. This makes a total of 22 jier cent in whieh -4'’ arises anom¬ 
alously from the deep side of -d’, vP, *4-V, or -Pb. Ilcscetion of the anteromedial 
basal segment in these si)eeimens, therefore, could have jeopardized the blood 
supply of the lateral basal segment. 

Finally it may be stated that only one-third of the anteromedial basal ar¬ 
teries (32 per cent) conform to the respective bronchial iiatterns. 


Tahi.k \’lir. Tin-; L.vtek.u, H.vsal inio.vciirs (I>^) 



PITEL Ax\l) 
HOVDEN 
(OO SPEC.) 

IJEKG AN'D 
IJOYDKX 
(GO SPEC.) 

TOTAL 
(110 SPEC.) 

I. /fs arises in eonjunetion witli Ii‘» 


9097 

so. 191 . 

1. From a trank dividing into !>'■> 
and jB'u 


ii(i.79fc 

00.09o 

2. Collaterally with h'"' and />' *• ^ 


13.39f> 

20.09t 

3, From a eommou trunk, hi'' - 

•F/r 

10 9r 

7.3 9e 

II. i’s absent as sueh (disphieed) 

129?. 

109'r 

10.n9'r 

I. Hoplaeed by ramus of />■* 

291 

O.Tr/r 

4.0% 

2. Keplaeed by ramus of 7>* » -< 

2% 

O.OTc 

0.0% 

3. Koplaeod by ramus of />’•* 

2% 

0.0 9^ 

0.0% 

4. Keplaeod by ramus of Tt-’h 

29f. 

0.09'r 

0.0% 

5. Roplaeod by ramus of />*<«« 

4% 

1.79f> 

2.7% 

(3. Replaced by rami of IP, lt‘» 

0% 

1.G9J. 

0.0% 

III. Its gives oil' high lateral braneh, 
liX* (9) 

7-191 f 

0t).79{' 

70% 


•To make tliis percentage conform to the 56% in Tabic V (Item I, 1), 2% must be taken 
from Item II, 5 of this table. Tl^e average length of ti\is common trunk Is 9 mm. 

tin nn additional •!%, liX* {OJ is the middle limb of a trifurcation (cf. Fig. 1, #12, and 
Plato 4). In another 2% it is displaced onto 


4. The Lateral Basal Segment (B ^).— 

The bronchial pattern; With the exception of B^, the lateral basal bronchus 
is the most variable of the basal bronchi, being absent as such in approximately 
11 per cent of 110 specimens. Prevailingly, as summarized in Table VIII, it 
arises exclusively with B'‘> from a common stem B^ +This arrangement holds 
in three-fifths (60.9 per cent) of 110 specimens (ef. Plate 4, #7). In an ad¬ 
ditional three-tenths (28.2 per cent), it arises in eonjunetion with 71'° but also 
with other bronchi. Soon after it is formed it gives off a high posterior lateral 
ramus, BX* (9), which contributes to the subsuperior zone (Table IX). This 
occurs in 70 per cent of 110 specimens. Its keel arises from 3 to 17 mm. below 
the keel of B^, at an average distance of 9.3 mm. 

'The arterial pattern; Since the lateral basal bronchus originates fz'om a 
common trunk with B'” in three-fifths of fifty specimens, it would be espcctcd 
that the arteries would have the same conventional arrangement, but such a 
pattern is realized in only 42 per cent (Fig. 2, .-1). The striking feature ' 
separate origin of -4'" in 46 per cent of specimens. Fig. 4, B (and th 
currence of other variatioizs in an additional 1^ pei cent). 


IS the 
the oe- 
Accordingly -I’ 
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T-VBle IX. Bisteibxtsos of BX* (9J 


1 

I PITEI>J1XI> j 

BOYBEK i 

1 {50 SPEC.) ■ 

BEP-G AXB I 

BOrDEN' 

(60 SPEC.'i 

Tora-L 

j (110 SFEC.) 

I. Sector 

1. Posterolateral only 

2. Posterolateral and lateral 

3. Posterior and posterolateral 
■i. Posterior, posterolateral, and 

lateral 

34rp 

iTc 

40'-7 

UC'f 

STc 

6iTc 

37.3rc 

26.4(7 

0.4 C7 

3.6(7 

11. Angle made with .anterior surfaee or 
lobe 

1. 40-60 degrees (posterolateral) 

2. 20-35 de^ees tlaterali 

3. 70-90 degrees (posteriori 

42^7 

3o<;7 

2C7 

45 rr 

12^0 

lOCl 

43.7(7 

22.7(7 

”6.3(7 

SO-Tc 

STCc 

72.7(7 


must originate prerailinglv with J.' and A^, either as collateral brandies of these 
and their rami (36 per cent) or as displaced branches of these (22 per cent, ef. 
Pig. 4, A', W, C'). The clinical importance of the latter, from the standpoint of 
resection of the anteromedial basal segment, has already been pointed out. 

The venous ijatteni: The intersegmental rein (T^), which lies on the clock¬ 
wise side of separates the lateral basal from the posterior basal segment 
(Plates 1 and 2). As summarized in Table I, empties either into the in¬ 
ferior basal vein (30 per cent of specimens), or into the superior basal (44 per 
cent), or into both (4 per cent). In one instance, it was the middle member of 
a trifurcating ini'erior pulntonary vein. 

5. The Posterior Basal Segment (B ^^).— 

The hroncliial pattern: In contrast to the other basal bronclii of the left 
lower lobe. B’’ is the most constant both ui its mode of division and in its dis¬ 
tribution. It arises alone from the basal tnink, that is, as one of the two stems 
of the principal bifurcation, in 6 per cent of 110 specimens (Table X). In 
one-fifth of the lobes (20.9 per cent), it is one of the members of a trifurcation 
(Plate 5): in three-fifths—the prevailing pattern—it originates tvith B^ from 
the common tnmk B^ ‘ (Plate 2, middle figure). 

Before the posterior basal divides into its termiual rami {B^^a and S’°b — 
the laterohasal and mediobasal rami) it gives off from one to three dorsal 
branches, BX^ (10). These are present in about 85 per cent of the 110 speci¬ 
mens. The highest of these (or, prevailingly, a single dorsal ramus) supplies 
the posterior portion of the snhsuperior zone (Table XT and Plate 4, 0). Its 
keel arises from 3 to 21 nmi. below the keel of B‘'^, at an averase distance of 
S.7 mm. It thus originates at abont the same level as BX« ('s;__Tlie other most 
eonstant .suhsuperior hronehns. 


The second t\-^ie of collateral branch irom ilte stem of f>" is the para- 
rm-tchral ramus (ef. Berg and Boyden, Plate 4). This ocems in a third of 110 
specimeii.s (.32.6 per eentV This may arise in conjunction nitli the first or sec¬ 
ond dorsal ramus, BA-* fio/, or separately (12 per cent of 50 specimens) The 
avm-age disuxnee irom the keel of B>-’ is IS mm.-well above the point where 
li an ides into its major terminal bronchi. 
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Taiii.e X. Tiik PosiEuiou Bas.vi, Buoxciii-s fS'oj 



inTKti AND 1 

Bhua AND 1 



UOYDEX 1 

liO\ DEX 

TOT.U, 


(.10 SPEC.) 1 

(00 SPEC.) I 

(110 S14C.) 

I. Oiifciii of L’le 





1. IPo uiibcs alone 


(5% 

0,7% 

G.4% 

2. J>to in conjunction with 


90% 

93.3% 

91.8% 

1) Fiom a trunk cliviiiinjj; into 

d<i% 

00.7% 

01.8% 

ami J}io 





2) Collaterally with L’a ami 

30% 

13.3% 

20.9% 






3) Collaterally with />'3 amt />» 

1% 

10.0% 

'.3% 

4) Collatorallv nifliJliii 

0% 

l.i 

■% 

0.0% 

o) Collatcially with lit ninl 

0% 

1.6% 

0.0% 

3. 7f'« aiises collatoiallv with 


4% 

0.0% 

1.8% 

niul 





II. Teiminai laini 





1. J>‘i (livnles into ami l!i"b 

9(5% 


100% 

98.2% 

2. ills placed to 7>‘> 

1% 


0% 

l.S% 

III. CoVtileitil hiaitcha ahote terminal 





rami 





1. One to three dotsal lami, 


S4% 

S.-5% 

84.0% 

IIX* (10) 





2. A high paiatertelnal hianeh 


36%* 

30% 

32.8% 

1) liaving eoinmou otigin with 

21% 




MX* (10) 





21 Having hepaiate oiigin 

12% 




•In the 50 specimens of Pitel ami 

Hoyden, this 3G per 

cent of p.iuiieitebral rami 

occuned in sjooennona alieady having one or moio subsupcnois, BX*(iO), 

Tncroforc me 

main stem of ii'" was Cice of laiBo collateial branches in only : 

10 pel cent. 


The arterial pattern; In diseiissing the mode of division of the basal por- 

tiou of the left pulmonary artery, reference has already been 

made to the 

fact that the basal artoiy bifurcates unexpectedly into *'1'° and *1'"’ in 46 

per cent of fifty specimens (cf. Pig. 

9 C' 

B, Plate 4). 

In another 42 per cent, 

it divides into an expected -4* * * and .1“ * In the remaining J2 per cent, it is 

either one stem of a trifurcation (Plate 4, #71 oi- associated irre 

giilarly' with 

rP (8 per cent of fifty specimens). 





Table XI. DisntiiiUHON or 7>A'* (10) 




1 PITKI. A XI) 

1 BhliG AXI) 




liOVDEX 

! UOYDEX 

TOTAD 



1 (50 .si’Er ) 

(00 SPEC.) 

(110 SPEC.) 

I. Sectoi 





I. AVholly postenoi 


12% 

.36 7% 

25.5% 

2. Posterior and pobtciohrtoral 


38% 

25.0% 

30.0% 

3. Poster olater a! only 


22% 

15.0% 

18 2% 

4. Posterolateral and later.il 


0% 

1.7% 

3.6% 

5. Paravertebral and posterior 


2% 

5.0% 

3.0% 

6. Paraiertebial, poster ror, and poster o 


1% 

1 7% 

2.7% 

lateral 







84% 

85 % 

84 5% 

II. Anele iirado with aiiterioi suiface of lobe 




1. 75 100 degiecs (posterior) 


72% 

02% 

60.3% 

2. 45 50 degrees (postciohitcial) 


12% 

23% 

18.2% 



84% 

85% 

84 .5%* 


•Note that the posteiohiteral sector ot the subsupeiior /.one is supplied by BX*(10) 
in nearly two-thlids o£ the specimen having a subsupeiior ot this typo. (Add Items 2, 3, 4, 
and 6 ) 
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The venous liuttern: It will be recalled that the posterior basal segment is 
separated from the lateral basal by Y’ (Plate 1). Otherwise the principal 
drainage of the posterior basal segment is mediated by Y"". This has two prin¬ 
cipal tributaries—a segmental vein (Y’'>a) and an intersegmental vein (V^^h). 
In 92 per cent of fifty specimens, Y'® empties into the inferior basal vein 
(Plate 1). In the remaining 8 per cent it is split into two veins, one draining 
into the inferior basal, the other into the superior basal vein (Table I). 

6. The Suhsuperior Zone.— 

The bronchial supplij: This zone receives its name from a dorsal bron¬ 
chus (B*)~the second dorsal of Aeby—which arises either from the basal 
trunk of the lobe (9 per cent of 110 specimens) or from the common stem of 
(18 per cent). This bronchus differs from the corresponding lironehus 
of the right lower lobe in two major respects: first, in its less frequent occur¬ 
rence—27 per cent as against 61 per cent—and, second, in its distribution—• 
that of the left (Table XII) supplying the posterolateral and often the lateral 
(as well as the posterior) sector of the zone which is interpolated between 
superior and basal segments, that of the right supplying primnviiy the pos¬ 
terior sector. For these reasons, Berg and Boyden concluded that any dorsal 
bronchus which supplied the territory of the left B* should be considered as an 
accessory subsuperior bronchus (BX *)—namely the high dorsal branch of 
B® [BX"^' (9)] and the high dorsal branch of B'" [BfiT'* (10)]. Indeed, one or 
both of these (third dorsal level of Aeby) supply the subsuperior zone ex¬ 
clusively in 72.7 per cent of 110 specimens (Table XII). Their occurrence 
and distribution are summarized in Tables IX, XI, XII, XIII, and XIV, and 
their origin on the bronchial tree is illustrated in Fig, 1. 


Table XII. Position axd Orientation or SvBsurEKioiis Proper (S*) 



1 PITEL A.NC j 

BEKG AXB 1 

1 


1 BOYDEX ' 
1 (50 SPEC.) 1 

BOYDEN I 

(GO SPEC.) 1 

1 total 

1 (110 SPEC.) 


1. Above origin of 5' + s 

2. From common stem of 7 ?^ i- jo 

II. Position of orifice on circumference 

1. Posterior (or slightly posterolateral) 

2. Posterolateral 

3. Lateral (or slightly posterolateral) 

4. Medial 

III. Angle of subsuperior bronchus ^^ith an¬ 

terior surface 

1. 40-45 degrees (i.e., posterolateral) 

2. 20-30 degrees (i.e., .almost lateial) 

3. 80-100 degrees (i.e., posterior) 

IV. Distributiou on surface 

L Posterolateral and lateral 

2. Posterior, posterolateral, and lateral 

3. Posterolateral only 

- 1 . Posterior and posterolateral 

5. Paravertebral only 


14% 

12 % 

20 % 


14% 

0 % 

2 % 

4% 


5% 

24% 

29% 


12 % 

12 % 

5% 

0 % 


23% 

3% 

3% 

14% 

10 % 

3% 

2 %> 

0 % 


ot the Specimens me‘rsiU^pirlo? ®('A0d‘’it‘’ims ‘| InTIf 


9.1% 

18.2% 

27.3% 

12.7% 

9.1% 

3.6% 

1 . 8 % 


IS.2% 

5.4% 

3.0% 

10.4% 
5.4% 
2.7% 
0.9% 
1 . 8 % 
27.2% » 


by B* in OlVe 
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TABr.E XlII OcchUhi \n oh Slbsoperior Bronchi ind 



1 PITLL \.M) 

1 BOVIIFN 1 

I (oO Sine ) 1 

j BFKG 

BO\DEN 

1 (bO SPEC) 

! TOTAL 

(110 SPEC ) 

1 Frequencj of OLLurreme aitouliiiR tii!e\ela 

B* only (level d,)^ 

4% 

b 13% 

0 5% 

BX* onlj (level dj)! 

IWc 


72 7% 

B* plus BX* (both levels) 

llVc 

21 7% 

21 8% 

2 Number of subsupei lois pei '•pcameii 

One sub&uperioi 

18% 

21 7% 

20 0% 

Two subsupeiiors 

32% 

bl 7% 

48 2% 

Three subsupenois 

IKc 

16 6% 

20 9% 

Four subsuperiors 

117c 

0 0% 

10 9% 

3 Fiequeiicj of OLCuiieiiLC ot various t 3 pes 
ot subsupenois 

B* 

IWc 

28 3% 

27 3% 

BX* (9) 

80% 

06 7% 

72 7% 

BX* (10) 

S4% 

So 0% 

84 5% 


•Supsuperiors pioper, aiising below B' and abo\e the keel which i,epaiate» B’ and 3“ 
tAccessoiy subsupenois, aiising below the keel which separates B’ and B‘“ either from 
the upper portion ot the tiunK of [BX*(lQ)'\ or the upper poition of the tiunk of 
IBX* or fiom both 


Mention has been made of the frequent e\tension of the subsupeiior 
bronchi into the anteiolateidl sector of the zone In other woids, B*", BX’^ (9), 
and occasionally BX* (10) invade the teiiitoiy of the lateial lanuis of the 
anteiior basal bionchns (B^a). In oiu fiftyr speeniiens (footnote, Table VII)i 
B^a yvas supplemented or lephtced bj’’ X‘‘a bianelies of tlie subsiiperior bionehi 


Tvble XIV Dftihed Awiysts of Numbirs of SuBSbPEhioRS PER Specimen 


1 One iubsuperior 
Level a, (B*) 
Le\el dj 
BX* (9) 

BX* (10) 


2 Tito suheupenors 
Both levels 

B* and BX* (9) 

B* and BX* (10) 

Level da 

BX* (9) and BX* (10) 
Two BX* (10) 


3 Thiee subsupei lois 
Both levels 

Two B”, one BX” (10) 

One B*, one BX* (9), one BX* (10) 
One BX* (9), two BX* (10) 

Three BX* (10) 


Pour subsupenois 
Both levels 

One B*. three BX (10) 

One B*, one BX* (9), two BX* (10) 

^^so'bX* (9), three BX* (10) 


PITEL AM) 
UO\0FN 
(OO SPEC ) 

[ BERG 

1 BO\DEN 

' (60 SPFC ) 

1 TOTAL 

' (110 SPEC 

4% 

6 7% 

5 45% 

12% 

b 7% 

91% 

2% 

8 3% 

5 45% 

18% 

21 7% 

20 00% 

0% 

1 7% 

0 9% 

4% 

11 7% 

8 2% 

26% 

43 3% 

35 5% 

2% 

5 0% 

3 6% 

32% 

01 7% 

48 2% 

2% 

1 6% 

1 8% 

8% 

6 7% 

7 3% 

12% 

8 3% 

10 0% 

4% 

0 % 

1 8% 

26% 

16 6% 

20 9% 

2% 

0% 

0 9% 

6% 

0% 

2 7% 

16% 

0% 

7 3% 

24% 

0% 

10 9% 
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in one-tMrd of the lohes (35.4 per cent). Such variations are illustrated in 
Plates 4, B, and 5. 

Origin of the suisuperior arteries: The arteries that accompany the snb- 
snperior proper (A^) arise at different levels on the trunk and branches of the 
inferior pulmonary artery. In 4 per cent of fifty lobes they arise fiom the 
basal artery, in 6 per cent from the common trunk of J.'" ^ in 8 per cent from 
the common’trunk of (Plate 3), in 6 per cent from A'”, and in one in¬ 

stance (2 per cent) fi’om JL®. 

The arteries accompanying BX^ (9) arise prevailingly from -1^ (56 per 
cent: Plate 4, B), next in frequency from A^^’a (10 per cent), then less fre¬ 
quently from the trunks of A^-^ or A*-* (S per cent), or A^ + '^a 

(6 per cent), and A’a (4 per cent). In two specimens there were two arteries 
to a bronchus—^from adjacent sides of A'’ and A^". 

The arteries accompan 5 -ing BZ* (10) arise prevadingly from A'” (42 per 
cent; Plate 4, B), then with about equal frequency from A® (14 per cent), A”a 
(12 per cent), A“5 (12 per cent), and infrequently from the trimks of A®"^“ 
(4 per cent) or A'-® (2 per cent). In one specimen, there were two arteries 
to one bronchus, from adjacent sides of A* and A^°. 

The veins of the suhsuperior zone: Since B* is directed primarily to a 
posterior lateral sector of the zone (Plate 1) it is to be expected that P*, the 
vein lying on the clockwise side of B*, should pass between B^*^ and B® to gain 
the superior basal vein or one of its tributaries (V^a). Such is the case in ten 
of the thirteen specimens in which it occvu’s (cf. Plate 2, right figure). In the 
remaining three specimens, T* drains into P" (see PZ^a branch of P®, Plate 5) 
or into the common basal vein (Plate 3). 

A similar course is followed by PZ® (9 )—the vein which lies on the clock¬ 
wise side of BZ* (9). In thirty-two of the thirty-seven specimens in Avhich 
it occurs, PZ* (9) runs betAveen B^ and B’ to enter P^a (cf. Plate 2, right 
figure). In the remaining five specimens, it courses betAveen B® and B" to enter 
P’. In three of the five, however, it first joins P* or PZ® (10) before enter¬ 
ing P*. 

The third subsuperior vein (Plate 1) is PZ* (10). Since in one-half the 
specimens there are t\A'o or more subsuperior bronchi of this tA-pe (Table XIP), 
Ave shall restrict the description to the vein accompauA-ing the highest PZ® (10), 
if more than one is present, for the loAver ones are less significant and drain 
into y‘o. The principal PZ* (10) lies on the clockwise side of BZ® (10). Com¬ 
monly, it passes through the crotch betAveeu B’ and (Plate 1). There in 
about one-half the thirty-four specimens in wliich it occurs, it empties directly 
mto P^ the most centrally placed of the basal veins. In most of the remaining 
specimens it joins some other centrally placed vein—even forming one of its oaati 
m conjimetion AA-ith PZ® (9) or P® (Plate 4. A and B). In five eases, how- 
eACi, it IS displaced laterally to enter P*a betAA’een B* and B^. 


SUMMARY OF STRtKIXG DIFFEREXCES BETWEEX LEFT AXD 

right lower lobes 

P"«"rn in left and right lower lobes is to be 
d m the position ot the medial basal bronchus (B^). In the right lung it 
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IS medially placed and theretore distributes to both anteiior and paunertebial 
sui'faces Because ot this, the bionchus embraces the inferior pulmonaiy vein 
in one-fourth of the lobes. In another one-fifth its two lami aiise separately— 
one on either side of the \ein (Feiij and Boiden, 1951) In the lett lung the 
medial basal bronchus aiises in common with B^, the lateral basal bionchus 
Accordingly, B' never distiihutes to the paraveitebial sniface but always 
remains on the lateral side of the pulmonaiy ligament This holds tine even 
in the 7 per cent of specimens in which B' arises indeiiendentli from the anteio- 
medial portion of the basal stem Correspondingly it never “tangles” with the 
inferior pulmonary vein Indeed, the only occasion in which the left pul¬ 
monary vein and its large branches pass siipeificial to B' is nhen the latter 
arises anomalously from B'" (Fig. 3). 

Because of this fundamental diffeieiice in the two sides, the mode ot en¬ 
trance into the two lobes (toi pin poses of exposing the huge \eins and deeper 
bronchi) is quite ditferent On the light side a cleavage plane marked by 
V*b is enteicd and the medial basal segment is reflected medially On the lett, 
one proceeds through the pulmonaiy ligament to an undeilynig cleavage plane 
formed by V'b, and then reflects the medial basal segment lateially. 

Thus exposed, the pattern of the gieat veins is tound to be essentialh 
similar—namely, the infeiior pulmonary is foimed by the confluence of a su¬ 
perior vein (V") and a common basal vein, the latter in tuin is foimed by the 
union of superior and inferior basal veins However, the composition of the 
basal veins diffeis somewhat in the two lobes. On the left side, F® commonly 
enters the inferior basal vein (Plate 1) instead of the superior basal, as on 
the right side Fiiitheimoie the left inferior pulmonary is much less vaii- 
able. In 14 pei cent, the right inilmonniy is foimed by union of thiee oi foiii 
major veins receiving substantial tiibutaiies fiom the middle lobe and even 
from the right upper lobe (Table III, Feiiy and Bojulen) Such an aiiange- 
ment has never been encountered by us in the left lower lobe 

In the left supeiioi segment, due to the greatei deielopinent of the medial 
ramus {B^aJ the superior rein usually leeeires thiee ma]or tiibutaries fV'’ci, 
h, and c) instead of the two on the light (V^i and c) Coiiespondmgly, multiple 
arteiies to the left siipeiior segment aie moie common, oceuriing in 36 pei 
cent of specimens, as against 20 per cent for the light supeiioi segment 
Furthei 11101 e, they aiise fiom the interlobai poition of the pulmonaij aiteiy 
above the lerel ot the liiigulai aiteiies—a point of gieat impoitance in lobee 
tom}’—whereas on the light, they occui both above and below the middle lobe 
arteries Curioush enough, the lett supeiioi segmental bionchus (B'') is 
“conservatir e” in its oiigiii Only one instance (in 110 specimens) was tound 
in which it aiose as two sepaiate stems (Plate 4, #7) In this ease the lovei 
stem (B^a) aiose fiom the medial side of the basal tiunk In the light lung, 
two separate ongins of weie eiicounteied in 6 pei cent ot 100 specimens In 
these cases the lonei stem tends to oiigmate on the lateial side and to invohe 
ramus 

The subsupeiior biouchi (B ) aie fewer m number on the lett side—27 pei 
cent as against 61 per cent on the light Furthei more, they are oriented in 
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a posterolateral instead of a posterior direction. Therefore, in the absence 
of B* on the left, the posterior lateral portion of the zone is supplied b.v the 
highest branch of (the B^a ramus of the right side)—namely BX' (9). One 
of the most eharacteiistic features of the left subsuperior zone is its invasion 
of the anterior surface of the antei-ior basal segment This occurs in over 
one-third of the lobes 

Turning to the basal segments, the antei’ior basal is the most variable of 
the left basal broircM, wdrereas oir the right it is the most constant. One or 
the other of its two rami is missing in 17 per eeirt of 110 specimens; B^’a is 
supplemented or wholly replaced by subsuperior bronchi in 35 per cent; B^b 
fails to reach the diaphragmatic surface in 19 per cent, finally, the common stem 
of B’^ and B^ divides unevenl.v into B^a and B' * in 20 per cent. In addition, 
B^ (the lateral basal bronchus) is missing on the leit side in 11 per cent of 110 
specimens, being usually displaced onto some portion of the B' stem. As a 
result of these related Amiiations there is a profound change in the arterial 
pattern of the left side. 7Yhereas in the right lung the basal portion of the 
inferior pulmonary artery divides into -F and -1'® in nearly one half of the 
lobes (44 per cent), the left basal artery dirides uiievenh^ into -4^'’ and 
in 46 per cent of specimens In consequence of this une.vpected grouping of seg¬ 
mental arteries, ^l® arises anomalouslj from the deep side of *l"rt, -4*, A^a, or *4*b 
in 22 per cent of lobes In addition, the pattei-n of the antei-omedial basal 
arteries conforms to the bronchial pattern in less than one-third of the speci¬ 
mens. This constitutes a cotrsidervable hazard to the irrdivrdual resections of 
the first three basal segments 
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Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

Tho 3-lth aunuiil mooting of tlio Amoricaa Association for Thoraoio Surgery will bo 
hold May 3, 4, and 5, 1954, in Montrenl, Quo., Canada. Hendquartors will bo at the 
Sheraton-Mouut Eoyal Ilotol. 

Requests for Hotel Reservations 

Those should bo mailed directly to tho Keservatiou Mamiger, Shoraton-Mouiit Eoyal 
Ilotol, Montreal, Quo., Canada. Plcaao montioii tliis Association, typo of accommodation 
doairod, date, and appioximato hour of arrival. If accommodations aro dosired elsowhore, 
please communicate directly with hotel of your ehoieo. 


Thoracic Surgical Forum 

Aftor duo cousidoration, tlio Council has decided to try an osporimont by assigning 
ouo morning session to a “Thoracic Surgical Forum” for tho presentation of short papers 
on ourront thoracic rosoarch, anatomy, modified surgical techniques, otc. Papers at this 
session ivill bo limited sharply to ton minutos (including tho showing of lautorn slides or 
other illustrative material) with throe minutes as tho maximum discussion of eaoli paper. 

Those papers will bo published together in ono issue of Tun Joubnai* op Thokaoic 
SUROURY. Maximum length: 3,000 words without illustrations. If illustrated, an appropriate 
number of words must bo subtracted for each cut used. 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1954 meeting, including papers 
before tlio Forum, must bo received on or before January 1, 1954, othonviso they will 
not bo considorod by the Program Committee. 

Abstracts should bo labeled "For Forum” or “For Eegular Program.” 

Five, repeal five, copies of each abstract should be seat to the Secretary of tho Asso 
elation, Dr. Paul C. Samson, 2938 liIcClure St., Oahlnnd 9, Calif. Thoy should not bo sent 
to tho Editor. 

Tho abstracts should contain from 200 to 250 words and accuratoly reflect tho con¬ 
tents of tho completed paper. 


Applications for Membership 

Applications for Associate Membership in tho Association must be received by tho 
Membership Committee not later than Jan. 1, 195-4, to bo considorod for action in Montreal. 
Applications rocoivod beyond this deadline will bo deferred for consideration until 1935. 

Applicants must bo sponsored by three Active or Senior Members of tho Association. 
In addition to the sponsoring statement on tho application form, the sponsors must submit 
a separate letter ooncorning tho applicant direct to Dr. Lyman II. Brew-or, III, Cliairmnn 
of the Membership Committee, 2010 Wilsluro Blvd., Los Angeles, Calif. Completed 
application forms should likowiso bo scut to Dr. Brew-or. Those regulations aro at tho 
direction of tho Council and wore made effective in 1952 at Dallas. 
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